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FINE PARTICLE-CONTAINING BODY, FINL
PARTICLE-CONTAINING BODY
MANUFACTURING METHOD, STORAGE

ELEMENT, SEMICONDUCTOR DEVICE AND
ELECTRONIC EQUIPMENT

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a 37 C.F.R. §1.53 (b) divisional
of U.S. application Ser. No. 11/212,712 filed Aug. 29, 2005,
now abandoned, which in turn claims priority on Japanese
Application No. 2004-250421 filed Aug. 30, 2004. The entire
contents of each of these applications 1s hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

The present mnvention relates to a fine particle-containing,
body that contains a fine particle, a fine particle-containing,
body manufacturing method, a storage element, a semicon-
ductor device and electronic equipment and relates, in par-
ticular, to a fine particle-containing body that employs a fine
particle of a nanometer size.

Inrecent years, for example, a single electron transistor and
a memory that contains a fine particle called a nanodot and
nanocrystal in 1ts gate insulator have been proposed as ultra-
micro electronic device that employs a fine particle of a
nanometer size.

As a method for forming such a fine particle of, for
example, an S1 (silicon) fine particle for an electronic device,
a method for depositing amorphous silicon on a silicon ther-
mal oxide by means of an LPCVD (Low Pressure Chemical
Vapor Deposition) apparatus, thereafter forming an S1 micro-
crystal through an annealing process and further depositing a
s1licon oxide on the silicon thermal oxide where the S1 micro-
crystal has been formed by a CVD (Chemical Vapor Deposi-
tion) method 1s proposed (refer to, for example, JP 2000-
22005 A).

Moreover, as another method for forming a fine particle, a
method for forming a thin film on a substrate by using CVD,
vapor deposition, MBE (Molecular Beam Epitaxy) and the
like and thereatter scaling down the thin film by using a fine
processing technology of photolithography, etching and the
like 1s proposed. According to the method, the fine particle 1s
formed, and thereatter, an msulator layer 1s layered on 1t.

Moreover, as another method for forming a fine particle, a
method for implanting metal 10ns into an insulator by 10n
implantation and condensing the implanted 1ons by heat treat-
ment to form a metal particle 1s proposed.

However, the method of forming the S1 microcrystal on the
silicon thermal oxide through the annealing process, which
repeats the process of depositing the silicon thermal oxide,
therefore has a problem that much time 1s needed for manu-
facturing. Moreover, the method has a problem that the time
and effort for the manufacturing increase because of the
necessity ol repeating many times the processes from the
deposition of the silicon thermal oxide to the annealing 1n
order to increase the surface density of the S1 fine particles.

Moreover, the method of using the fine processing technol-
ogy of etching and the like has a problem that 1t 1s extremely
difficult to concurrently reduce the size of the fine particles
and a distance between fine particles to the nanometer order.

On the other hand, the method of forming a fine particle in
the insulator by the 10on implantation method 1s able to com-
paratively easily form a fine particle of the nanometer size in
an 1solated state in the insulator. However, when fine particles
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are formed by the 10n implantation method, it 1s general that
a large number of interface states are generated at the inter-
faces between the fine particles and the insulator. Therefore,
forming an elemental device by employing the isulator, 1n
which the fine particles are formed, causes a problem that a
prescribed performance cannot be obtained or the character-
istics vary. For example, if a storage element 1s formed by
employing the insulator in which the fine particles have been
tformed, electric charge leakage from the fine particles that
should retain the electric charge easily occurs, and variations
in the retention characteristics of the electric charges of the
fine particles occur. As described above, the conventional
methods for forming fine particles have a problem that 1t 1s
uneasy to stably obtain a fine particle-containing body of
satisfactory characteristics.

SUMMARY OF THE INVENTION

An object of the present mvention 1s to provide a fine
particle-containing body capable of obtaining satisfactory
characteristics and a fine particle-containing body manufac-
turing method capable of manufacturing a fine particle-con-
taining body of satisfactory characteristics with compara-
tively reduced time and effort.

In order to achieve the above object, a fine particle-con-
taining body of the present invention 1ncludes:

a first layer;

a second layer;

a medium that 1s formed between the first layer and the
second layer and made of a first matenal;

one or more fine particles that are located 1n the medium
and are made of a second material; and

a coating layer that covers said or each fine particle and 1s
made of a third matenial,

the second material being a material that has a function to
retain an electric charge, and

the third material being a material whose electrical con-
ductivity 1s lower than that of the second material.

According to the construction, the fine particle made of the
second material 1s covered with the coating layer made of the
third material, and therefore, the electric charge 1s prevented
from undesirable moving between the fine particle and the
medium. Accordingly, the quantity of electric charge retained
in the fine particle fluctuates less for a long time, and there-
fore, the charge retention characteristic of the fine particle-
containing body 1s stabilized for a long time. Moreover, the
fine particle 1s covered with the coating layer, and therefore,
the constituents of the fine particle are prevented from tlowing
out, and the constituents of the other portions are prevented
from flowing into the fine particle. Therefore, a characteristic
degradation due to a change with the lapse of time of the fine
particle-containing body 1s prevented.

Moreover, since the fine particle 1s made of the second
material that has a function to retain an electric charge, the
retainable amount of charge 1s comparatively large. There-
fore, even 1f some increase or decrease in the electric charge
occurs, the ratio of fluctuation to the total amount of charge
retained 1n the fine particles 1s comparatively small. There-
fore, since the amount of fluctuation in the electric charge 1s
reduced for a long time, the retention characteristic of the
clectric charge 1s stabilized for a long time 1n the fine particle-
containing body.

In the present specification, the definition of the “layer” 1s
not limited only to an object that has a configuration extend-
ing in the planar direction but inclusive of a partial region
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formed from an integrated object so as to have a characteristic
different from that of the other region by, for example, impu-
rity diffusion.

Moreover, the first and second layers need not be put in
contact with the medium, and the medium 1s only required to
be located between the first and second layers.

Moreover, 1n the present specification, the “fine particle”
means a particle of which the particle size (diameter) 1s
smaller than 1 um.

Moreover, the arrangement that the fine particle 1s “located
in the medium™ means not only a state in which the fine
particle 1s completely contained in the medium but also a state
in which the fine particle partially sinks in the medium and the
other portion 1s projecting from the surface of the medium.

In the fine particle-containing body of one embodiment,
the coating layer that covers the fine particle or at least one of
the fine particles partially protrudes from the medium.

According to the embodiment, the electric charge can be
delivered and received between the fine particle and another
part via a portion of the coating layer protruding from the
medium not by way of the medium. Therefore, it 1s possible to
reduce the voltage necessary for delivering and receiving an
clectric charge and reduce a time needed for delivering and
receiving the electric charge. Theretfore, an electronic device
capable of operating at high speed with a low voltage can be
provided.

In the fine particle-containing body of one embodiment,
the coating layer that covers the fine particle or at least one of
the fine particles 1s partially 1n contact with at least one of the
first and second layers.

According to the embodiment, at least one of the fine
particles has 1ts coating layer, which covers the fine particle,
partially put in contact with at least one of the first and second
layers. This arrangement allows the electric charge to be
delivered and recerved to and from at least one of the first and
second layers not by way of the medium. Therefore, it 1s
possible to reduce the voltage necessary for delivering and
receiving the electric charge and reduce the time needed for
delivering and recerving the electric charge. Therefore, an
clectronic device capable of operating at high speed with a
low voltage can be provided.

In the fine particle-containing body of one embodiment,
the fine particle or at least one of the fine particles 1s con-
nected to a path that connects the fine particle with the first or
second layer not by way of the medium.

According to the embodiment, the fine particle can deliver
and recerve the electric charge to and from the first or second
layer via the coating layer not by way of the medium. There-
fore, 1t 1s possible to reduce the voltage necessary for deliv-
ering and recerving the electric charge and reduce the time
needed for delivering and receiving the electric charge.
Therefore, an electronic device capable of operating at high
speed with a low voltage can be provided.

In the fine particle-containing body of one embodiment, at
least two of the fine particles are connected to a path that
connects the fine particles with each other not by way of the
medium.

According to the embodiment, since the medium does not
ex1ist between the fine particles, the arrangement density of
the fine particles i the medium can be improved.

In the fine particle-containing body of one embodiment,
the fine particle or at least one of the fine particles has a
roughly spherical shape, and

the roughly spherical fine particle has a ratio of a distance
from a center of gravity to an outer peripheral surface portion
located farthest from the center of gravity with respect to a
distance from the center of gravity to an outer peripheral
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surface portion located nearest to the center of gravity, the
ratio being not smaller than 1.0 and not greater than 1.5.

According to the embodiment, since the fine particle has a
nearly true spherical shape, electric field concentration hardly
occurs. Therefore, since the fluctuations and variations 1n the
clectrical characteristics attributed to the electric field con-
centration occurring in the fine particle portion can be sup-
pressed, an electronic device of comparatively high reliability
can be provided.

In the fine particle-containing body of one embodiment,
the first and second layers have electrical conductivity.

According to the embodiment, an electric charge can be put
in and out of the fine particle by using the first and second
layers as, for example, electrodes. Therefore, an electronic
device can be provided.

In the present specification, the “conductor” or the sub-
stances that have “electrical conductivity” include metals and
semiconductors and also include organic substances so long
as the substances have electrical conductivity.

In the fine particle-containing body of one embodiment,
the third material 1s a material that has an electrical insulation

property.

According to the embodiment, the fine particle 1s electri-
cally insulated by the coating layer formed of the third mate-
rial, and therefore, the charge retention characteristic of the
fine particle 1s improved.

In the fine particle-containing body of one embodiment, an
energy gap between a lower end of a conduction band of the
second material and a vacuum level 1s greater than an energy
gap between a lower end of a conduction band of the third
material and the vacuum level.

According to the embodiment, the fine particle formed of
the second matenal can effectively retain electrons.

In the fine particle-containing body of one embodiment, an
energy gap between an upper end of a valence band of the
second material and a vacuum level 1s smaller than an energy
gap between an upper end of a valence band of the third
material and the vacuum level.

According to the embodiment, the fine particle formed of
the third material can effectively retain holes.

In the fine particle-containing body of one embodiment,
the first and third matenals are the materials that have elec-
trical insulation property, and

the second material 1s the material that has electrical con-
ductivity.

According to the embodiment, the fine particle 1s formed of
the second material and has electrical conductivity, the coat-
ing layer that covers the fine particle 1s formed of the third
material and has electrical conductivity, and the medium that
retains the fine particle and the coating layer 1s formed of the
first material and has an electrical insulation property. There-
fore, the amount of charge that can be retained per unit vol-
ume by the fine particle can be made comparatively large.
With this arrangement, the ratio of the change to the total
amount of charge 1s reduced even if the amount of charge
retained by the fine particle somewhat tluctuates. As a result,
a stable charge retention characteristic 1s obtained. Moreover,
the fine particle 1s covered with the coating layer that has an
clectrical msulation property and 1s located in the medium
that has an electrical insulation property. Therefore, the
charge retention characteristic of the fine particle 1s effec-
tively stabilized.

In the fine particle-containing body of one embodiment,
the second matenal 1s a semiconductor.

According to the embodiment, the fine particle 1s formed of
the semiconductor that 1s the second material, and therefore,
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a prescribed amount of charge can be retained under the stable
charge retention characteristic.

In the fine particle-containing body of one embodiment,
the first and third matenals are mutually different insulating
materials.

According to the embodiment, the medium that retains the
fine particle and the coating layer 1s made of the msulating
material different from that of the coating layer, the imnflow
and the outtlow of an electric charge to and from the fine
particle are eflectively suppressed. Therefore, the fine par-
ticle-containing body obtains a stable charge retention char-
acteristic.

In the fine particle-containing body of one embodiment,
the third material 1s obtained by making the second material
insulative.

According to the embodiment, the interface between the
coating layer formed of the third material and the fine particle
formed of the second material 1s 1 a satisfactory state 1n
which, for example, the interface states are comparatively
reduced. Therefore, since the fine particle made of the second
material has a comparatively small leakage of the retained
clectric charge, a fine particle-containing body of a satisfac-
tory charge retention characteristic 1s obtained.

In the present specification, “make mmsulative” and “insu-
late” mean changing a substance that has an electrical con-
ductivity 1nto a substance that substantially has no electrical
conductivity. Moreover, 1t means substantially loosing the
clectrical conductivity of a substance.

In the fine particle-containing body of one embodiment,
the third material 1s obtained by oxidizing or nitriding the
second material.

According to the embodiment, the third material can be
formed from the second material by using the existing oxida-
tion reactor or the like widely used 1n the semiconductor
industry. Therefore, by using the conventional manufacturing
facility, a fine particle-containing body that has satisfactory
characteristics can be manufactured at low cost.

The third material 1s required to be formed oxidized or
nitrided to the extent that the third material comes to have a
resistance higher than that of the second material. Moreover,
the second material should preferably be oxidized or nitrided
to the extent that the third material becomes a complete nsu-
lator.

In the fine particle-containing body of one embodiment,
the first material 1s a silicon oxide or a silicon nitride,
the second material 1s a semiconductor or a metal, and
the third material 1s a semiconductor oxide or a metal
oxide.

According to the embodiment, the first material 1s a silicon
oxide or silicon nitride, and the semiconductor oxide or metal
oxide of the third material 1s obtained by oxidizing the semi-
conductor or metal of the second material. Therefore, the
materials can be produced by using the existing apparatus
used 1n the semiconductor industry. Therefore, a fine particle-
containing body, which has satisfactory characteristics, can
be formed comparatively easily at low cost.

In the fine particle-containing body of one embodiment,
the second material 1s silicon, and

the third material 1s a silicon nitride.

According to the embodiment, the coating layer, which
covers the fine particle, 1s formed of the silicon nitride that 1s
the third material, and the silicon nitride has a high dielectric
constant. Therefore, since the electric field of the coating
layer 1s increased, an electric charge can efficiently be putinto
and out of the fine particle. Moreover, the silicon nitride,
which 1s used 1n a large amount 1n the semiconductor industry,
can be mass-produced comparatively easily by the existing

10

15

20

25

30

35

40

45

50

55

60

65

6

manufacturing equipment. For example, by nitriding the sur-
face portion of the fine particle made of silicon, the coating
layer made of the silicon nitride can be formed comparatively
casily by the existing semiconductor manufacturing equip-
ment. Therefore, a fine particle-containing body, which has
satisfactory characteristics, can be formed comparatively eas-
ily at low cost.

In the fine particle-containing body of one embodiment,
the second material 1s aluminum, and

the third material 1s an aluminum oxide.

According to the embodiment, the fine particle, which 1s
made of aluminum, 1s covered with the coating layer formed
of aluminum oxide that 1s a fine and firm insulator. Therefore,
the fine particle has the retained electric charge effectively
prevented from leaking, and the electric charge retention state
1s stably maintained. Therefore, a fine particle-containing
body, which has a satisfactory reliability, 1s obtained. More-
over, by, for example, oxidizing the surface portion of the fine
particle made of aluminum, the coating layer made of alumi-
num oxide can be formed comparatively easily by the existing
semiconductor manufacturing equipment.

In the fine particle-containing body of one embodiment,
the second material 1s hathium, and

the third material 1s a hatmium oxide.

According to the embodiment, the coating layer that covers
the fine particle 1s formed of hainium oxide of which the
dielectric constant 1s comparatively high. Therefore, a large
clectric field can be generated when same voltage 1s applied in
comparison with the case where 1t 1s formed of a substance of
which the dielectric constant 1s comparatively low. Therelore,
an electric charge can efficiently be put into and out of the fine
particle. Moreover, by, for example, oxidizing the surface
portion of the fine particle made of hatnium, the coating layer
made of hafnmium oxide can be formed comparatively easily
by the existing semiconductor manufacturing equipment.

In the fine particle-containing body of one embodiment,
the first layer 1s a silicon substrate, and

the first material 1s a silicon oxide or a silicon nitride.

According to the embodiment, a fine particle-containing
body can be produced easily at low cost by the existing
semiconductor manufacturing equipment. Moreover, other
clements can easily be consolidated, so that high versatility
and practicability are obtained. Moreover, by, for example,
oxidizing or nitriding the surface portion of the silicon sub-
strate, the first layer, which 1s the portion other than the
surface portion of the silicon substrate, and the medium,
which 1s the silicon oxide or silicon nitride on the first layer,
can be formed comparatively easily.

According to one aspect of the present invention, there 1s
provided a method for manufacturing the fine particle-con-
taining body including the processes of:

forming a medium, into which a substance for forming at
least one fine particle has been introduced, on the first or
second layer;

forming the fine particle from the substance introduced
into the medium; and

reforming the surface portion of the fine particle.

According to the construction, the medium, into which the
substance for forming the fine particle has been introduced, 1s
formed on the first or second layer, the fine particle 1s formed
of the substance, and the surface portion of the fine particle 1s
reformed. Through the reforming of the surface portion, a
coating layer 1s formed by, for example, insulating the surface
portion of the fine particle. Otherwise, through the reforming
ol the surface portion, the defects of dangling bond and the
like are reduced by being terminated by hydrogen molecules
by, for example, implanting hydrogen ions. Through the
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reforming like this, the surface of the fine particle 1s put into
a satisfactory state in which the interface states and the like
are reduced. Therefore, according to the manufacturing
method, a fine particle-containing body, which can stably
retain an electric charge 1n the fine particle, can be produced.

In the method of one embodiment, the process of forming
the medium, into which the substance for forming the fine
particle has been introduced, on the first or second layer
includes the processes of:

forming a medium on the first or second layer; and

introducing a substance for forming the fine particle mnto
the medium.

According to the embodiment, the medium 1s formed on
the first or second layer, and the substance for forming the fine
particle 1s introduced into the medium. By forming the
medium 1n one process, a fine particle-containing body can be
manufactured more easily than the conventional fine particle-
containing body manufacturing method repeating a plurality
of medium forming processes and fine particle forming pro-
CEesSes.

In the method of one embodiment, the process of introduc-
ing the substance for forming the fine particle mto the
medium 1s the process of introducing the substance into the
medium by implantation.

According to the embodiment, the substance for forming a
large amount of the fine particles can be introduced into the
medium at a time by implantation. Therefore, the fine particle
can easily be formed through a small number of processes.

In the method of one embodiment, the process of introduc-
ing the substance for forming the fine particle in the medium
1s the process of introducing the substance into the medium by
the 10n 1implantation method.

According to the embodiment, the substance for forming a
large amount of the fine particles 1s 1mplanted nto the
medium at a time by the 10n implantation method. Therefore,
the fine particle can easily be formed through a small number
of processes.

The process of introducing the substance for forming the
fine particle into the medium may be the process of making
the particulate substance rush into the medium by giving a
prescribed velocity to the substance like, for example, sput-
tering other than the 1on implantation method.

Depending on the conditions for carrying out the implan-
tation, a fine particle 1s sometimes formed only by implanta-
tion even 1f the process of forming the fine particle by, for
example, heat treatment 1s not carried. That 1s, when a pre-
scribed kind of particle formation substance 1s implanted on
prescribed conditions, the process of introducing the sub-
stance for forming the fine particle can concurrently serve as
the process of forming the fine particle. Therefore, the num-
ber of processes can be reduced. Moreover, when the implan-
tation 1s carried out at comparatively high temperature, the
reforming of the surface portion of the fine particle 1s some-
times effected by heat treatment 1n addition to the formation
of the fine particle. That 1s, the process of introducing the
substance for forming the fine particle can concurrently serve
as the process of forming the fine particle and the process of
reforming the surface portion of the fine particle, and the
number of processes can be reduced.

In the method of one embodiment, the substance 1is
implanted into the medium 1n a direction that makes an acute
angle with respect to the surface of the medium.

According to the embodiment, since the substance 1s
implanted 1n the direction that makes an acute angle with
respect to the surface of the medium, the fine particles are
tormed 1n shallow portions of the medium. Moreover, the fine
particles are formed 1n a comparatively narrow range 1n the
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thickness direction of the medium. Therefore, the medium
containing the fine particles can be formed into a thin film.

In the method of one embodiment, the fine particle-con-
taining body manufacturing method further includes a pro-
cess of making the substance for forming the fine particle into
negative 1ons.

According to the embodiment, since the substance for
forming the fine particle 1s formed 1nto negative 1ons, the
medium to be subjected to the implantation 1s prevented from
being charged with high voltage in comparison with the case
where the substance 1s implanted in the form of positive 10mns.
The problem of electrification when the substance 1s formed
into positive 10ns 1s remarkable particularly when the medium
1s an 1nsulator or when the medium 1s electrically floated by
an isulator or the like. Therefore, by forming the substance
into negative 1ons, the variation 1n the implantation depth of
the substance and the generation of defects 1n the medium 1nto
which the substance 1s implanted are effectively prevented.

The method of one embodiment further includes a process
of:

removing a portion from the surface of the medium to a
prescribed depth,

subsequently to the process of introducing the substance
for forming the fine particle into the medium.

According to the embodiment, the portion of the medium,
which ranges from the surface to a prescribed depth and
serves as the portion where the introduction density of the
substance for forming the fine particles 1s comparatively low,
1s removed. Theretfore, a medium, which can be formed 1nto a
thin film and in which the density of the fine particles 1s
comparatively large, can be formed.

In the method of one embodiment, the process of mntroduc-
ing the substance for forming the fine particles into the
medium 1s:

the process of introducing the substance for forming the
fine particles into the medium by the solid phase diffusion
method.

According to the embodiment, a large amount of the sub-
stance for forming the fine particles can be diffused in the
medium by the solid phase diffusion method. Moreover, the
solid phase diffusion method can be carried out by an appa-
ratus of a comparatively simple construction, and therefore, a
large number of fine particles can be formed comparatively
casily 1n the medium.

Depending on the conditions for carrying out the solid
phase diffusion method, the fine particle 1s sometimes formed
only by solid phase diffusion even if the process of forming
the fine particle by, for example, heat treatment 1s not carried
out. That 1s, when a prescribed kind of particle formation
substance 1s diffused on prescribed conditions, the process of
introducing the substance for forming the fine particle can
concurrently serve as the process of forming the fine particle.
Theretfore, the number of processes can be reduced. More-
over, when solid phase diffusion 1s carried out at compara-
tively high temperature, the reforming of the surface portion
of the fine particle 1s sometimes etffected by heat treatment 1n
addition to the formation of the fine particle. That 1s, the
process ol introducing the substance for forming the fine
particle can concurrently serve as the process of forming the
fine particle and the process of reforming the surface portion
of the fine particle, and the number of processes can be
reduced.

The method of one embodiment further includes a process
of applying a solution, in which the substance for forming the
fine particle 1s contained, onto the surface of the medium.

According to the embodiment, the substance for forming
the fine particle can easily be introduced into the medium
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through a reduced number of processes. Moreover, the pro-
cess of applying the solution can be carried out by a compara-
tively simple apparatus. Therefore, a large number of fine
particles can be formed comparatively easily in the medium.

In the method of one embodiment, the process of forming
the medium, into which the substance for forming the fine
particle has been introduced, on the first or second layer
includes the process of:

applying a liquid material of the medium, which contains
the substance, onto the first or second layer.

According to the embodiment, the process of applying the
solution can be carried out by a comparatively simple appa-
ratus, and therefore, the medium, into which the material has
been introduced, can easily be formed on the first or second
layer through a reduced number of processes.

In the method of one embodiment, the process of reforming,
the surface portion of the fine particle includes the process of
ox1dizing or mitriding the surface portion of the fine particle.

According to the embodiment, the surface portion of the
fine particle 1s reformed by being oxidized or mitrided. The
process of oxidizing or mtriding the surface portion of the fine
particle 1s carried out comparatively easily by the existing
semiconductor manufacturing equipment. Therefore, the
coating layer, which covers the fine particle, can be formed
comparatively easily at low cost.

In the method of one embodiment, the process of reforming,
the surface portion of the fine particle includes the process of
implanting molecules that contain oxygen or nitrogen into the
medium.

According to the embodiment, since the molecules that
contain oxygen or nitrogen are implanted into the medium,
the concentration profile of oxygen or nitrogen 1n the depth-
wise direction of the medium can be controlled. Therefore, by
making the concentration of oxygen or nitrogen 1n a region
located at a prescribed depth away from the surface higher
than that of the other regions, the fine particle 1n the pre-
scribed region can be locally highly oxidized or nitrided.

In the method of one embodiment, the process of forming
the fine particle from the substance introduced into the
medium and the process of reforming the surface portion of
the fine particle are:

the process of subjecting the medium, into which the sub-
stance for forming the fine particle has been introduced by the
implantation, to heat treatment 1n an oxidizing atmosphere or
a nitriding atmosphere.

According to the embodiment, the process of carrying out
heat treatment 1n the oxidizing atmosphere or the nitriding
atmosphere can be carried out by the existing semiconductor
manufacturing equipment. Therefore, a coating layer, which
1s made of the oxide or nitride of the material for forming the
fine particle, can be formed easily at low cost on the surface
portion of the fine particle.

The method of one embodiment further includes a process
of removing a portion of the medium from the surface to a
prescribed depth,

subsequently to the process of forming fine particles from
the substance itroduced 1nto the medium.

According to the embodiment, the portion of the medium 1s
removed from the surface, which i1s the portion where the
density of the fine particles 1s comparatively low, to the pre-
scribed depth. Therefore, the medium can be formed 1nto a
thin film, and a medium, 1n which the fine particle density 1s
comparatively large as a whole, can be formed.

In the method of one embodiment, the process of introduc-
ing the substance for forming fine particles into the medium
and the process of removing the surface portion of the
medium are carried out together.
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According to the embodiment, the surface portion of the
medium 1s removed. Therefore, a portion 1n which the con-
centration of the substance 1s comparatively small can be
removed, and the portion 1in which the concentration of the
substance 1s comparatively large can be exposed. Moreover,
since the surface portion of the medium 1s removed and the
substance 1s introduced into the medium, a portion 1n which
the substance has a prescribed concentration can promptly be
exposed. Moreover, when the processes are carried out 1n a
high-temperature atmosphere, the substance located in the
neighborhood of the exposed portion obtained by removing
the surface portion can efficiently be heated. Therefore, fine

particles can efficiently be generated.
According to one aspect of the present invention, there 1s

provided a method for manufacturing the fine particle-con-

taining body including the processes of:

introducing a substance for forming at least one fine par-
ticle into a precursor of the medium;

reforming a part of the precursor into which the substance
has been 1ntroduced;

removing the reformed portion of the precursor; and

reforming a portion other than the removed portion of the
precursor.

According to the construction, the substance for forming
the fine particles 1s introduced into the precursor of the
medium, the precursor into which the substance has been
introduced 1s partially reformed, and the reformed portion 1s
removed. By reforming the region to be removed of the pre-
cursor, the region can be removed by being selected compara-
tively easily. Moreover, since the portion other than the
removed portion of the precursor 1s reformed, the reformation
can appropriately be carried out according to the conditions
of, for example, the concentration of the substance introduced
into the portion other than the removed portion. As a result,
the medium, the coating layer and the fine particles can appro-
priately be formed in the portion other than the removed
portion of the precursor.

According to one aspect of the present invention, there 1s
provided a method for manufacturing the fine particle-con-
taining body including the processes of:

forming a control layer for controlling introduction of a
substance for forming at least one fine particle on a surface of
a precursor of the medium:;

introducing the substance for forming the fine particle into
the precursor of the medium via the control layer;

forming the fine particle from the substance introduced
into the precursor;

removing the control layer; and

reforming the precursor from which the control layer 1s
removed.

According to the construction, the substance 1s introduced
into the precursor via the control layer, and therefore, the
substance can be itroduced into the precursor at an appro-
priate concentration. Moreover, the range 1n which the sub-
stance 1s distributed can be adjusted into an appropriate range
in the depthwise direction of the precursor. Therefore, fine
particles distributed at an appropriate density 1n an appropri-
ate range can be formed in the precursor. Moreover, by
reforming the precursor from which the control layer has
been removed, the medium and the coating layers that cover
the fine particles can be obtained.

In the method of one embodiment, the process of forming,
the fine particles 1s carried out before the process of removing
the control layer.

According to the embodiment, the control layer 1s removed
aiter the formation of the fine particles in the precursor, and
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therefore, the surface of the precursor 1n which the fine par-
ticles have been formed at a prescribed density can be

exposed.

In the method of one embodiment, the process of forming
the fine particles 1s carried out after the process of removing,
the control layer.

According to the embodiment, fine particles can be formed
in the precursor 1n the absence of the intfluence of the control
layer.

In the method of one embodiment, the process of removing,
the control layer and the process of introducing the substance
for forming fine particles 1n the precursor 1s carried out
together.

According to the embodiment, the control layer 1s removed
and the substance 1s introduced into the precursor, and there-
fore, the portion of the prescribed concentration of the sub-
stance can promptly be exposed. Moreover, the substance
located 1n the neighborhood of the exposed surface portion of
the precursor can efficiently be heated when the process 1s
carried out 1n a high-temperature atmosphere, and therefore,
fine particles can be generated with high efficiency.

According to one aspect of the present invention, there 1s
provided a storage element having a field effect transistor
formed by employing the fine particle-containing body.

According to the construction, the field effect transistor
performs memory operation according to the amount of
charge retained by the fine particles of the fine particle-con-
taining body, and by detecting, for example, the magnitude of
a drain current, the memory state of the fine particle-contain-
ing body can be distinguished. With this arrangement, a stor-
age element, which has high mass productivity and excellent
leakage tolerance and is able to be scaled down 1n size, 1s
obtained.

According to one aspect of the present invention, there 1s
provided a semiconductor device comprising a memory Cir-
cuit integrated with the storage element.

According to the construction, the storage element can
casily be mimaturized, and therefore, the semiconductor
device can effectively be downsized by reducing the occupa-
tion area of the memory circuit.

According to one aspect of the present invention, there 1s
provided an electronic equipment having the semiconductor
device.

According to the construction, a compact semiconductor
device, in which the occupation area of the memory circuit 1s
comparatively small, 1s provided. Therefore, electronic
equipment, which can effectively be downsized, can be
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llustra-
tion only, and thus are not limitative of the present invention,
and wherein:

FIG. 1A 1s a view showing a process of a manufacturing,
method of a fine particle-containing body according to a first
embodiment;

FIG. 1B 1s a view showing a process subsequent to the
process of FIG. 1A;

FIG. 1C 1s a view showing a process subsequent to the
process of FIG. 1B;

FIG. 1D 1s a view showing a process subsequent to the
process of FIG. 1C;
FIG. 1E 1s an enlarged view of a fine particle and a coating

layer of FI1G. 1D;
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FIG. 2A 15 a view showing a process ol a manufacturing
method of a fine particle-containing body according to a
second embodiment;

FIG. 2B 1s a view showing a process subsequent to the
process of FIG. 2A;

FIG. 2C 1s a view showing a process subsequent to the

process of FIG. 2B;
FIG. 2D 1s a view showing a process subsequent to the
process of FIG. 2C;

FIG. 3A 1s a view showing a process of a manufacturing,
method of a fine particle-containing body according to a third
embodiment;

FIG. 3B 1s a view showing a process subsequent to the
process of FIG. 3A;

FIG. 3C 1s a view showing a process subsequent to the
process of FIG. 3B;

FIG. 3D 1s a view showing a process subsequent to the
process of FIG. 3C;

FIG. 4A 15 a view showing a process of a manufacturing,
method of a fine particle-containing body according to a
fourth embodiment;

FIG. 4B 1s a view showing a process subsequent to the
process of FIG. 4A;

FIG. 4C 1s a view showing a process subsequent to the
process of FIG. 4B;

FIG. 4D 1s a view showing a process subsequent to the
process of FIG. 4C;

FIG. SA 15 a view showing a process ol a manufacturing,
method of a fine particle-containing body according to a fifth
embodiment;

FIG. 5B 1s a view showing a process subsequent to the
process of FIG. 5A;

FIG. 5C 1s a view showing a process subsequent to the
process of FIG. 5B;

FIG. 5D 1s a view showing a process subsequent to the
process of FIG. 5C;

FIG. 6 A 1s a view showing a process of a manufacturing
method of a fine particle-containing body according to a sixth
embodiment;

FIG. 6B 1s a view showing a process subsequent to the
process of FIG. 6A;

FIG. 6C 1s a view showing a process subsequent to the
process of FIG. 6B;

FIG. 6D 1s a view showing a process subsequent to the
process of FIG. 6C;

FIG. 7A 1s a schematic view showing an apparatus for
implanting a fine particle material into a medium;

FIG. 7B 1s a schematic view showing an apparatus for
implanting a fine particle material into a medium;

FIG. 8A 15 a schematic view showing a memory function
body that employs the fine particle-containing body of the
embodiment;

FIG. 8B 1s an enlarged view showing part of FIG. 8A;

FIG. 9 1s a graph showing changes 1n capacitance with
respect to changes 1n the voltage applied to the memory
function body;

FIG. 10 15 a schematic view showing a storage element of
a thirteenth embodiment:

FIG. 11A 1s a schematic view showing a fine particle-
containing body obtained when the implantation energy of
the fine particle formation substance 1s made comparatively
large;

FIG. 11B 1s a schematic view showing a fine particle-
containing body obtained when the implantation energy of
the fine particle formation substance 1s made comparatively
large;
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FIG. 12A 1s a schematic view showing a fine particle-
containing body obtained when the implantation energy of
the fine particle formation substance 1s made comparatively
small;

FIG. 12B 1s a schematic view showing a fine particle-
containing body obtained when the implantation energy of
the fine particle formation substance 1s made comparatively
small;

FIG. 13A 1s a schematic view showing a fine particle-
containing body obtained when a silicon oxide 1s formed 1nto
a thin film;

FIG. 13B 1s a schematic view showing a fine particle-
containing body obtained when a silicon oxide 1s formed into
a thin film;

FIG. 14A 1s a schematic view showing a fine particle-
containing body obtained when the implantation dose of the
fine particle formation substance 1s increased;

FIG. 14B 1s a schematic view showing a fine particle-
containing body obtained when the implantation dose of the
fine particle formation substance 1s increased;

FIG. 14C 1s a schematic view showing a fine particle-
containing body obtained when the implantation dose of the
fine particle formation substance 1s increased;

FIG. 14D 1s a schematic view showing a fine particle-
containing body obtained when the implantation dose of the
fine particle formation substance 1s increased;

FIG. 15A 1s a view showing a fine particle-contaiming body
that has two fine particles, which are retained juxtaposed in
the thickness direction of the medium with the coating layers
thereol put in contact with each other;

FIG. 15B 1s a view showing a fine particle-containing body
that has two fine particles, which are retained juxtaposed in
the thickness direction of the medium with the coating layers
thereot put 1n contact with each other;

FIG. 15C 1s a view showing a fine particle-containing body
that has two fine particles, which are retained juxtaposed in
the thickness direction of the medium with the coating layers
thereol put in contact with each other;

FI1G. 15D 1s a view showing a fine particle-contaiming body
that has two fine particles, which are retained juxtaposed in
the thickness direction of the medium with the coating layers
thereol put in contact with each other;

FI1G. 16 1s a schematic view showing energy bands of a fine
particle and a coating layer possessed by a fine particle-
containing body.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described in detail below by
the embodiments shown in the drawings.

First Embodiment

FIGS. 1A to 1E are views showing processes ol a manu-
facturing method of a fine particle-containing body according
to a first embodiment. In the present embodiment, a silicon
substrate 100 was used as a first layer. Although no particular
second layer 1s shown 1n the figure, an electrode made of a
metal or a semiconductor, overcoat or the like can be
employed. It 1s noted that an electrode made of a metal or a
semiconductor, overcoat or the like can be employed also for
the first layer. Moreover, 1n the present embodiment, silver
particles 130 were formed as fine particles, and a silicon oxide
140 of an msulator was formed as a coating layer for covering
the silver particles.

First of all, as shown 1n FIG. 1A, the silicon oxide 110 1s
formed as a medium on the surface of a silicon substrate 100
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through a thermal oxidation process. In the present embodi-
ment, the oxide 1s formed to a film thickness of about 50 nm.

Next, as shown 1n FIG. 1B, silver as a substance for form-
ing fine particles 1s introduced 1nto the silicon oxide 110 by
the 10n 1implantation method. In this case, excessively high
implantation energy 1s not suitable for the implantation into
the comparatively thin silicon oxide 110 since the implanta-
tion profile excessively spreads, and a defect 1s caused by
damaging the silicon oxides 110. Theretfore, the implantation
energy should preferably be smaller than 100 keV and espe-
cially smaller than 50 keV. In the present embodiment, the
implantation was carried out with about 30 keV 1n order to
form fine particles 1n the vicinity of the center in the thickness
direction of the silicon oxide 110.

Moreover, when the implantation dose 1s excessively large,
the particle size of the fine particles becomes excessively
large, and the damage to the silicon film 110 1s also increased.
If the implantation dose 1s excessively small, the fine particle
density becomes excessively small. Therefore, the implanta-
tion dose should be greater than 1x10"*/cm? and smaller than
1x10*°/cm?®. For example, an implantation dose of greater
than 1x10e'*/cm” and smaller than 1x10e" "/cm? is more pref-
erable. In the present embodiment, silver was mtroduced by
an implantation dose of about 1x10">/cm® with energy of
about 30 keV.

It 1s a matter of course that the implantation energy and the
implantation dose to be selected are varied depending on the
10nic type.

Moreover, the 10n 1implantation method for implanting sil-
ver should preferably be the negative 1on implantation
method. When the implantation 1s carried out by using nega-
tive 10ns, the surface potential of the msulator (silicon oxide
110 1n the present embodiment) subjected to the implantation
does not rise close to the acceleration voltage of positive 10ns
when positive 1ons are used and 1s able to be suppressed to a
very low value of about several volts. That 1s, by the positive
ion 1mplantation method, a secondary electron of a negative
charge 1s discharged when a positive charge 1on 1s made
incident on the surtace of the insulator. Therefore, the surface
of the insulator keeps being positively charged and eventually
rises to the acceleration voltage of the positive 1on. On the
other hand, 1n the case of the negative 1on implantation
method, a negative charge 1on 1s made incident to discharge
the secondary electron of a negative charge, and the surface
potential falls within a range of about positive and negative
several volts. Therefore, the effective acceleration voltage
fluctuates less than by the positive 10n implantation method,
and this therefore makes 1t possible to suppress the variation
in the implantation depth of the substance (silver) for forming
the conductive fine particles. Moreover, since the insulator 1s
scarcely electrified, 1t becomes possible to suppress the
occurrence of a defect due to dielectric breakdown or the like.
In the present embodiment, a negative 1on implanter of Nissin
Electric Co., Ltd. was used.

Subsequently, the silicon oxide 110, into which the silver
has been 1mplanted, 1s subjected to heat treatment. By con-
densing or diffusing the implanted element (silver) by the
heat treatment, silver particles 120 of a prescribed particle
size are formed as shown i1n FIG. 1C. Moreover, it 1s also
possible to repair the defect of the silicon oxide 110 generated
during the 1on implantation. With regard to the heat treatment
temperature, no effect 1s produced when 1t 1s excessively low
or no line particle can be formed as a consequence of the
diffusion and fusion of the implanted element when 1t 1s
excessively high. Therefore, the temperature of the heat treat-
ment should preferably be higher than 200° C. and lower than
the melting point of the implanted element (silver). Moreover,
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even at same temperature, an increased effect 1s produced at
the temperature when the processing time 1s elongated. How-
ever, 1f the processing time 1s excessively long, 1t 1s some-
times the case where the particle size of the fine particles 1s
excessively increased or the case where the implanted ele-
ment might diffuse to the outside of the region 1n which the
fine particles are to be formed. Theretfore, the processing time
should pretferably be shorter than 24 hours.

Subsequently, a coating layer 1s formed on the surface
portions of the silver particles through a heat treatment pro-
cess as a reforming process. Although the normal heat treat-
ment 1s carried out 1n an 1nert atmosphere of argon or the like,
the heat treatment 1s carried out in an atmosphere 1n which the
surface portions of the fine particles are insulated according to
the present invention. In the present embodiment, the heat
treatment 1s carried out in a vapor phase containing oxygen to
form silver particles 120, and the surface portions of the silver
particles 120 are oxidized and msulated by supplying oxygen
to the surfaces of the silver particles 120 by diffusing oxygen
in the silicon oxide 110.

The conditions of the temperature, time, flow rate of the
vapor phase and so on during the heat treatment are varied
depending on the material to be employed, the desired fine
particle size and the thickness of the insulating layer formed
on the surface of the material.

In the present embodiment, the heat treatment 1s carried out
for about several hours 1n an oxidizing atmosphere at a tem-
perature slightly lower than that of silicon thermal oxidation
conditions. As a result, the surface portions of the silver
particles 120 are insulated as shown in FIG. 1D, forming a
silver oxide 140 as the coating layer. That 1s, a process for
reforming the surface portions of the fine particles 1s carried
out.

During the heat treatment, the coating layer can also be
tformed by insulation achieved through nitriding other than
the oxidation. For example, by carrying out heat treatment 1n,
for example, an ammonia atmosphere aifter silicon 1is
implanted as a substance for forming the fine particles, a
coating layer made of silicon nitride can be formed on the
surfaces of the fine particles.

Moreover, 1t 1s also possible to carry out heat treatment 1n
an 1nert atmosphere of argon, nitrogen or the like 1n an mitial
stage to form fine particles to some extent and thereafter
reform the surface portions by changing 1t to heat treatment in
an atmosphere 1n which the formed fine particles are 1nsu-
lated. The method, which can achieve msulation after adjust-
ing the size of the fine particles to an arbitrary size, is there-
fore able to accurately form fine particles of a variety of sizes.
For example, in the case of a normal thermal processing
furnace, 1t 1s preferable to carry out the heat treatment 1n the
initial stage at a temperature of about 300° C. to 900° C. 1n an
inert atmosphere of argon, nitrogen or the like. In the present
embodiment, the heat treatment was carried out for about one
hour 1n an argon atmosphere by means of a ceramics electric
tube furnace of Asahi Rika Manufacturing, Co., Ltd. It 1s
noted that this 1s 1n the case of silver particles, and the opti-
mum heat treatment condition 1s varied depending on the
clement for forming the fine particles.

As described above, the process of reforming the surface
portions of the fine particles by oxidation or nitriding can be
carried out by using the existing semiconductor manufactur-
ing equipment. Therefore, the surface portions of the fine
particles can be reformed at a comparatively low cost.

It 1s further preferable to carry out heat treatment at a
temperature of about 500 to 1000° C. 1n order to repair the
defect that has occurred in the medium due to implantation 1n
a case where the heat treatment for the formation of the fine
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particles 1s carried out at a comparatively low temperature. In
this case, the fine particles are fused or diffused 1f the heat
treatment 1s effected for a long time, and therefore, it 1s
preferable to carry out RTA (Rapid Thermal Annealing), 1.¢.,
heat treatment for a short time.

Moreover, the fine particle-containing body manufacturing
method of the present embodiment, which can suppress the
clectrification of the medium subjected to implantation by
using the negative 1on implantation method, therefore has an
advantage that 1t 1s easy to carry out implantation to the
intended depth and concentration. Moreover, the substance
for forming the fine particles 1s introduced 1into the medium by
implantation, and therefore, the fine particles of a nanometer
s1Ze scattered at appropriate positions 1n the medium can be
formed through a one-time process. Accordingly, there 1s no
need to repeat again and again the thin film formation process
and the microfabrication process of the thin film unlike the
conventional case. Moreover, no nanoscale fine processing
technology needs to be used, and therefore, productivity 1s
satisfactory.

Further, the processes other than the process that uses the
negative 1on implantation method can be carried out by the
existing semiconductor manufacturing equipment. More-
over, the negative 10n implantation method can be carried out
by changing only part of the existing 1on implanter. There-
fore, the fine particle-containing body can be produced at low
cost. Moreover, by using the existing semiconductor manu-
facturing equipment, the fine particles can be consolidated
with other semiconductor elements, which 1s practicable.

The appearance of the fine particles 130 formed by the fine
particle-containing body manufacturing method of the
present embodiment was examined by cross-section TEM
(Transmission Electron Microscope) observation. As a result,
as shown 1n F1G. 1D, silver implanted in the form of 1ons was
condensed, and the so-called nanometer size silver particles
130 of a particle size (diameter) of about 2 to 3 nm were
formed. Then, the silver oxide 140 was formed so as to cover
the silver particles 130. The silver particles 130 were formed
accurately distributed to the depth expected from the accel-
eration energy of silver 1ons. FIG. 1E 1s an enlarged view of
part of FIG. 1D.

In FIG. 1D, the fine particle-containing body of the present
invention 1s obtained by forming an electrode layer as a sec-
ond layer (not shown) made of, for example, a metal on the
s1licon oxide 110 as the medium. The fine particle-containing
body has the silicon substrate 100 as the first layer, the elec-
trode layer and the silicon oxide 110 as the medium between
the silicon substrate 100 and the electrode layer. The silicon
oxide 110 retains at least one silver particle 130 as the fine
particle covered with the silicon oxide 140 as the coating
layer.

According to the fine particle-containing body of the con-
struction, the silver particles 130 are covered with the silicon
oxide 140, and therefore, an electric charge 1s prevented from
needlessly moving inward and outward between the silver
particles 130 and the silicon oxide 110. Moreover, the pos-
sible occurrence of the outflow of the silver component of the
silver particles 130 and the inflow of other components 1nto
the silver particles 130 are prevented. Accordingly, the
amount of charge retained 1n the silver particles 130 fluctuates
less for a long time, and therefore, the fine particle-containing
body can satisfactorily stably retain the electric charge for a
long time. Moreover, a change 1n the characteristics due to a
change with the lapse of time can be prevented.

Furthermore, since the silver particles 130 are formed of
silver that has a function to retain an electric charge, the
amount of retainable electric charge 1s comparatively large.
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Therefore, even 11 some increase or decrease in the electric
charge occurs, 1t becomes possible to suppress the ratio of the

fluctuation with respect to the total amount of the electric
charge retained 1n the silver particles 130. Accordingly, a
fluctuation in the amount of the electric charge 1s reduced for
a long time, and therefore, the fine particle-containing body
can stably retain the electric charge for a long time.

Although silver was employed as the fine particles in the
present embodiment, other conductors of metals of gold,
copper and so on, semiconductors of silicon, germanium and
so on can be employed. It1s noted that gold 1s hardly oxidized,
it 1s somewhat difficult to insulate the surface portions of the
fine particles. On the other hand, a substance of, for example,
aluminum, which forms a firm oxide on 1ts surface through
oxidation, 1s preferable in terms of the stable formation of the
insulator (coating layer) that covers the fine particles, and
preferable substances include tungsten, niobium, zirconium,
titanium, chromium, tin, cobalt, nickel, 1ron, antimony and
lead besides aluminum.

Although the thermal oxide on the silicon substrate has
been given as the medium in which the fine particles are
formed, other insulators of a glass substrate or the like or a
semiconductor substrate or the like can also be emploved.

Second Embodiment

According to a fine particle-containing body manufactur-
ing method of a second embodiment, an etching process 1s
provided between the process of forming the fine particles
and the process of forming the coating layer in addition to the
fine particle-containing body manufacturing method of the
first embodiment, and a region from the surface of the
medium 1n which the fine particles are formed to a prescribed
depth 1s removed.

In the present embodiment, silver particles are formed as
fine particles as 1n the first embodiment.

First of all, as shown 1n FIG. 2A, a silicon oxide 210 as the
medium 1s formed on the surface of a silicon substrate 200 as
the first layer through a thermal oxidation process. In the
present embodiment, the film thickness 1s formed to about
100 nm.

Next, as shown 1in FIG. 2B, silver 1s introduced into the
s1licon oxide 210 by the 1on 1implantation method. In this case,
the implantation energy 1s set so that the implantation depth
becomes about 50 nm.

Normally, an implantation profile 1s caused by the ion
implantation, and the concentration of the implanted material
comes to have a concentration profile similar to the Gaussian
distribution in the depthwise direction with a maximum con-
centration set at a prescribed depth. In the present embodi-
ment, the implanted silver comes to have the maximum con-
centration at a depth of about 50 nm away from the surface.
Therefore, 11 fine particles 220 are formed as in the first
embodiment, the fine particles 220 form a particle size distri-
bution depending on the 1on concentration. That 1s, fine par-
ticles 220 of a comparatively large particle size are formed at
the depth at which the implantation concentration 1s maxi-
mum. Then, fine particles 220 of a comparatively small par-
ticle s1ze are formed 1n positions above and below the position
in which the fine particles 220 of a comparatively large par-
ticle size are formed.

In this case, a portion from the surface of the silicon oxide
210 to a prescribed depth 1s removed by etching in the present
embodiment. As a result, the fine particles 220 of a compara-
tively large particle size are located in the neighborhood of the
surface of the silicon oxide 210 as shown in FIG. 2C. More-
over, the fine particles 220 are made to have a particle size
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reduced from the location in the neighborhood of the surface
of the silicon oxide 210 toward the substrate side. Both wet

ctching and dry etching can be used for the etching for remov-
ing the silicon oxide 210. In the present embodiment, wet
etching was carried out by using a hydrotluoric acid solution
of a concentration of 0.5%.

The thickness of the portion of the silicon oxide 210 to be
removed by etching 1s made equal to or greater than the
implantation depth of the substance for forming fine particles
in the silicon oxide 210. In the present embodiment, etching
was ellected to a depth of about 50 nm from the surface.

Subsequently, the surface portions of the fine particles are
reformed by, for example, thermal oxidation as in the first
embodiment. As a result, silver oxide 1s formed on the sur-
faces of the silver particles as shown in FIG. 2D. In the
isulating process, a load-lock type oxidation reactor pro-
duced by Hitachi Kokusai Electric Inc. was used. The silver
fine particles tend to be oxidized by a greater degree as
located closer to the surface of the silicon oxide 210, and the
particle size 1s larger as located closer to the surface of the
silicon oxide 210. Therefore, the particle size of the silver
particles 230 after the formation of the silver oxide on the
surfaces 1s varied comparatively less 1n the depthwise direc-
tion than the particle si1ze of the silver particles 220 before the
formation of the silver oxide.

After the silver particles 230 of which the surfaces are
covered with the silver oxide are formed, a second layer 1s
formed on the surface of the silicon oxide 210, completing the
fine particle-containing body of the present invention.

The fine particle-containing body forming method of the
present embodiment introduces silver that 1s the substance for
forming the fine particles 1n the silicon oxide 210 as the
medium and removes the portion to the prescribed depth from
the surface of the silicon oxide 210 after the silver introducing
process. As a result, a portion where the introduction density
of the substance (silver) 1s comparatively low 1s removed.
Therefore, the silicon oxide 210 1s formed into a thin film, and
the density of the silver particles 220 and 230 in the entire
silicon oxide 210 can be increased. Moreover, the range of
distribution of the silver particles 230 in the depthwise direc-
tion of the silicon oxide 210 can be narrowed.

Third Embodiment

The present embodiment has an etching process between
the process of mtroducing a substance for forming fine par-
ticles and the heat treatment process for forming the fine
particles. In the etching process, a region to a prescribed depth
from the surface of an insulator, into which the substance for
forming the fine particles has been mtroduced, 1s removed.

In the present embodiment, silver particles as the fine par-
ticles are formed 1n the silicon oxide as the medium. More-
over, the substance for forming the fine particles 1s introduced
by 10n 1implantation.

First of all, a silicon oxide 310 as the medium 1s formed on
the surface of a silicon substrate 300 through a thermal oxi-
dation process. In the present embodiment, the oxide 1is
formed to a film thickness of about 100 nm. A portion, 1n
which the silicon remains unoxidized, of the silicon substrate
300 becomes the first layer.

Next, as shown 1n FIG. 3A, silver 1s introduced into the
s1licon oxide 310 by the 10n 1implantation method. In this case,
the implantation energy 1s set so that the implantation depth
becomes about 50 nm.

In this case, with regard to the implantation concentration
of silver, a concentration profile similar to the Gaussian dis-
tribution 1s formed 1n the depthwise direction with a maxi-
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mum concentration located at a depth of about 50 nm away
from the surface of the silicon oxide 310.

Subsequently, as shown in FI1G. 3B, a surface portion of the
s1licon oxide 310 1s removed so that a portion of a high silver
implantation concentration 1s located 1n the neighborhood of
the surface. That 1s, the silicon oxide 210 1s etched away 1n a
range of a depth equivalent to or greater than the implantation
depth. In the present embodiment, etching was effected to a
depth of about 50 nm away from the surface. The etching
method may be wet etching or dry etching as 1n the second
embodiment. In the present embodiment, wet etching was
carried out by using a hydrofluoric acid solution of a concen-
tration of 0.5%.

Subsequently, heat treatment of the silicon oxide 310 and
insulation of the silver particles are carried out as in the
second embodiment.

First of all, by carrying out heat treatment of the silicon
oxide 310, the silver particles 320 are formed distributed so
that the particle size 1s reduced from a location 1n the neigh-
borhood of the surface of the silicon oxide 310 toward the
substrate 300 side.

Then, the surface portions of the silver particles are 1nsu-
lated by thermal oxidation. In the present embodiment, the
load-lock type oxidation reactor produced by Hitachi Koku-
sail Electric Inc. was used. As a result, silver oxide 1s formed
as a coating layer on the surfaces of the silver particles 330 as
shown 1n FI1G. 3D. The silver oxide 1s formed comparatively
thick for the silver particles 330 located 1n the neighborhood
of the surface of the silicon oxide 310 and comparatively thin
on the silicon substrate 300 side, 1.e., for the silver particles
330 located in positions remote from the surface of the silicon
oxide 310. With thus arrangement, the silver particles 330
after the formation of the coating layer came to have an
approximately same particle size in the thickness direction of
the silicon oxide 310. As a result, the silver particles 330 left
uninsulated at the center of the silver particles 320 1n the
initial stage came to have a particle size distribution of a
comparatively small variation 1n comparison with that of the
silver particles 320 1n the 1nitial stage.

Although the implantation process, the heat treatment pro-
cess and the msulating process were separately carried out 1n
the first through third embodiments, the fine particles can be
tformed roughly concurrently with silver ion implantation
carrying out no heat treatment depending on the implantation
conditions. Moreover, the process of forming the coating
layer, which 1s a process accompanied by heat like, for
example, thermal oxidation, 1s also substantially able to con-
currently serve as a particle formation process by heat treat-
ment.

However, other conditions become severe in order to
obtain fine particles of prescribed sizes, or the processes
become unstable. Therefore, i1t 1s preferable to separately
carry out the processes with regard to mass production.

The fine particle-containing body manufacturing method
of the present embodiment has the process of removing the
medium to the prescribed depth from 1ts surface after the
process ol introducing the substance for forming fine par-
ticles. Therefore, the range of distribution in the depthwise
direction of the substance can substantially be narrowed.
Therefore, 1t becomes possible to narrow the range of distri-
bution in the depthwise direction of the fine particles when the
fine particles are formed from the substance.

Fourth Embodiment

In the present embodiment, a substance for forming fine
particles 1s implanted into the substrate that 1s the precursor of
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the medium, and thereafter, the substrate 1s partially
reformed. The substrate reforming process 1s carried out so as
to effect the reforming to a location 1n the neighborhood of a
region 1n which the implantation concentration of the sub-
stance 1s high. Subsequent to the substrate reforming process,
ctchung 1s carried out by, for example, a solution 1n which the
reformed substrate 1s dissolved, removing the reformed
region. At this point of time, the portion where the implanta-
tion concentration of the substance i1s high appears on the
surface. Then, the substrate, on the surtace of which the
portion where the implantation concentration of the sub-
stance 1s high has appeared, 1s subjected to heat treatment to
diffuse or condense the implanted substance, forming pre-
scribed fine particles at the point of time. Subsequently, the
substrate reforming 1s carried out, forming the medium at the
surface portion of the substrate and forming a coating layer at
the surface portions of the fine particles.

FIGS. 4A to 4D are views showing processes of a manu-
facturing method of a fine particle-containing body according
to a fourth embodiment.

In the present embodiment, silver 10ns are implanted 1nto a
silicon substrate as the precursor of the medium 1n the
absence of the silicon oxide or beyond a thin pad film unlike
the first through third embodiments. That 1s, as shown 1n FIG.
4 A, silver 1s introduced 1nto the silicon substrate 400 by the
ion implantation method. In this case, the implantation
energy was set so that the implantation depth of silver 1ons
became about 50 nm.

Also, 1n the process, the implantation concentration of the
s1lver 10ns comes to have a concentration profile similar to the
Gaussian distribution in the depthwise direction with the
maximum concentration located at a depth of about 50 nm
away Irom the surface of the silicon substrate 400 as 1n the
first through third embodiments.

Subsequently, a process for partially reforming the precur-
sor 1s carried out by oxidation. That 1s, as shown 1n FIG. 4B,
the silicon substrate 400 1s partially oxidized to form a silicon
oxide 410. The oxidation 1s carried out so that the portion
where the implantation concentration of silver 1s high 1s
located 1n the neighborhood of an interface between the sili-
con oxide 410 and the silicon substrate 400. That 1s, the
oxidation depth of the silicon substrate 400 1s made roughly
equal to or greater than the implantation depth of silver. In the
present embodiment, the oxidation was carried out to a depth
of about 50 nm from the surface of the silicon substrate before
oxidation. Silver particles 420 are formed by heat when the
oxidation 1s carried out. It 1s noted that silver oxide 1s formed
at the surface portions of the silver particles inside the silicon
oxide 410 through the oxidation process.

Next, the silicon oxide 410 1s removed. In the present
embodiment, the silicon oxide 410 1s removed by diluted
hydrofluoric acid. As aresult, as shown 1n FIG. 4C, the silicon
substrate 400 after the removal of the silicon oxide 410
includes silver particles 420 of which the particle size is
largest 1n the neighborhood of the surface and 1s reduced 1n
the depthwise direction away from the surface of the silicon
substrate 400.

Subsequently, the silicon substrate 400 1s oxidized (re-
formed) again. The oxidation 1s carried out by the thermal
oxidation method, by which a silicon oxide 440 of a film
thickness of about 50 nm 1s formed on the surface of the
s1licon substrate 400. That 1s, the surface portion of the silicon
substrate 400 1s the precursor of the medium, and the precur-
sor 1s oxidized to form the silicon oxide 440 as the medium.
As a result, as shown 1n FIG. 4D, the surface portions of the
silver particles 420 are also oxidized (reformed), so that silver
particles 430, of which the surfaces were covered with the
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silver oxide, was formed. The particle size of the silver par-
ticles 430, of which the surfaces were covered with the silver

oxide, had a distribution of a variation smaller than that of the
silver particles 420 before the formation of the silver oxide as
in the third embodiment.

By forming a second layer on the surface of the silicon
oxide 440, the fine particle-containing body of the present
invention 1s completed.

The fine particle-containing body manufacturing method
ol the present embodiment introduces the substance for form-
ing the fine particles 1nto the substrate as the precursor of the
medium and thereafter removing the substrate from the sur-
face of the precursor to the prescribed depth. Therefore, the
range of distribution in the depthwise direction of the sub-
stance for forming the fine particles can substantially be nar-
rowed. Therefore, 1t becomes possible to narrow the range of
distribution 1n the depthwise direction of the fine particles
when the fine particles are formed.

Fitth Embodiment

In the present embodiment, a control layer 1s preliminarily
tformed on a semiconductor substrate as a medium into which
a substance for forming fine particles are implanted before the
implantation of the substance.

Next, the substance 1s implanted into the semiconductor
substrate beyond the control layer. At this time, the thickness
and the implantation condition of the control layer are prepa-
ratorily set so that the neighborhood of an interface between
the control layer and the substrate becomes a portion where
the implantation concentration of the substance 1s high.

By carrying out heat treatment after the implantation of the
substance, fine particles are formed of the substance. Subse-
quently, the control layer 1s removed. At this time, the fine
particles formed in the control layer are removed at the same
time.

Next, the surface portion of the substrate 1s reformed (1nsu-
lated), and the surface portions of the fine particles are
reformed (insulated). The degree of insulation of the fine
particles 1s increased as the fine particles are located closer to
the surface of the substrate. Since the diameter of the fine
particles located in the neighborhood of the surface of the
substrate 1s comparatively large, the diameter of the fine
particles after insulation 1s varied comparatively less 1n the
depthwise direction of the semiconductor substrate.

A concrete example of the present embodiment 1s
described with reference to FIGS. 5A through 5D.

Firstof all, a silicon oxide 510 as the control layer 1s formed
on the surface of a silicon substrate 500 as the precursor of the
medium through a thermal oxidation process. The silicon
oxide 510 1s formed to a thickness of about 25 nm.

Next, as shown in FIG. SA, silver 1s introduced into the
silicon oxide 510 and the silicon substrate 500 by the ion
implantation method. In this case, the implantation energy 1s
set so that the implantation depth of silver becomes located 1n
the neighborhood of an interface between the silicon oxide
510 and the silicon substrate 500. In the present embodiment,
the implantation was carried out so that the implantation
depth became about 50 nm.

Also, 1n the present embodiment, the implantation concen-
tration of silver comes to have a concentration profile similar
to the Gaussian distribution in the depthwise direction with
the maximum concentration located at a depth of about 50 nm
away from the surface of the silicon oxide 510 of the control
layer.

Next, a heat treatment process 1s carried out to form silver
particles 520. Although the state of formation of the silver
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particles 520 1s different between the silicon oxide 510 and
the silicon substrate 500 because of the difterence of the base

material, particle size distributions depending on the 10n con-
centrations are formed in the respective base matenals as
shown 1n FIG. 5B.

In this case, the silicon oxide 510 as the control layer 1s
removed by oxide etching. As the result of removing the
silicon oxide 510, the surface of the silicon substrate 500 that
1s the precursor of the medium 1s exposed as shown 1n FIG.
5C. Silver particles 520 are distributed 1n the silicon substrate
500 so that the particle size 1s reduced in the depthwise
direction away from the neighborhood of the surface.

Both wet etching and dry etching can be used for the oxide
ctching. In the present embodiment, wet etching was carried
out by a hydrofluoric acid solution of a concentration 01 0.5%.

Subsequently, the silicon substrate 500 and the surface
portions of the fine particles are reformed through a thermal
oxidation process as 1n the fourth embodiment. In the process,
the load-lock type oxidation reactor produced by Hitachi
Kokusai Electric Inc. was used. Through the thermal oxida-
tion process, the surface portion of the silicon substrate 500
that 1s the precursor becomes a silicon oxide 540 that 1s the
medium. The silicon oxide 540 was formed to a thickness of
about 30 nm. Moreover, the surface portions of the silver
particles 1n the silicon oxide 540 are reformed, and a silver
oxide as the coating layer 1s formed. With regard to the silver
particles 530, a silver oxide was formed thicker as located
closer to the surface of the silicon oxide 540. In this case, the
silver particles 5330 located close to the surface of the silicon
oxide 540 have a particle size, before the formation of the
silver oxide, larger as located closer to the surface. Therefore,
the particle size of the silver particles 530 after the formation
of the silver oxide has reduced varniation than before the
formation of the silver oxide.

By forming the second layer on the surface of the silicon
oxide 540, the fine particle-containing body of the present
invention 1s completed.

Since the fine particle-contaiming body manufacturing
method of the present embodiment forms the fine particles in
the precursor of the medium and thereafter removes the part
from the surface of the precursor to the prescribed depth.
Theretfore, 1t becomes possible to narrow the distribution
range in the depthwise direction of the fine particles when fine
particles are subsequently further formed.

Although the silicon oxide has been used as the control
layer 1n the present embodiment, 1t 1s proper to use a sub-
stance of a resist, another oxide or nitride, polysilicon or the
like, so long as the substance has a property different from
that of the precursor of the medium. That 1s, the control layer
1s only required to have a suflicient selection ratio to the
precursor 1n the removal process.

Sixth Embodiment

In the present embodiment, the process of removing the
control layer and the heat treatment process are varied 1n
order with respect to those of the fifth embodiment.

That 1s, 1n the present embodiment, a substance for forming,
fine particles 1s implanted 1n the precursor of the medium via
the control layer, the control layer 1s subsequently removed,
and thereafter heat treatment 1s carried out to form fine par-
ticles. Subsequently, an 1nsulating process 1s carried out to
reform (insulate) the surface portion of the precursor and
reform (1nsulate) the surface portions of the fine particles.

FIGS. 6 A to 6D are views showing processes of the manu-
facturing method of the fine particle-containing body accord-
ing to the present embodiment.
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First ot all, a silicon oxide 610 as the control layer 1s formed
on the surface of the silicon substrate 600 by thermal oxida-
tion. In the present embodiment, the control layer was formed
to a thickness of about 25 nm.

Next, as shown in FIG. 6A, silver 1s introduced into the
s1licon oxide 610 and a silicon substrate 600 that 1s the pre-
cursor of the medium located under the silicon oxide 610 by
the 1on 1mplantation method. In this case, the implantation
energy 1s set so that the maximum implantation depth
becomes located 1n the neighborhood of an interface between
the silicon oxide 610 and the silicon substrate 600. In the
present embodiment, the implantation depth was set to about
50 nm.

The implantation concentration of silver comes to have a
distribution similar to the Gaussian distribution such that the
maximum concentration 1s located at a depth of about 50 nm
away from the surface of the silicon oxide 610.

It1s sometimes the case where silver particles are formed in
the silicon oxide 610 and the silicon substrate 600 at a point of
time when silver 1ons are implanted depending on conditions.

Next, as shown 1n FIG. 6B, the silicon oxide 610 as the
control layer 1s removed by oxide etching to expose the sur-
face of the silicon substrate 600 as the precursor of the
medium, and a portion where the implantation concentration
of silver 1s high 1s located in the neighborhood of the surface.
Both wet etching and dry etching can be used for the etching.
In the present embodiment, the control layer to be removed
was silicon oxide, and therefore, wet etching by a hydrotluo-
ric acid solution of a concentration of 0.5% was carried out.

Subsequently, heat treatment and an oxidation process are
carried out.

First of all, by carrying out heat treatment, silver particles
620 are formed in the silicon substrate 600 as shown 1n FIG.
6C. The silver particles 620 are formed so that the particle size
1s reduced 1n the depthwise direction away from the neigh-
borhood of the surface of the silicon substrate 600.

Then, a process for reforming (insulating) the precursor
and the surface portions of the fine particles 1s carried out by
thermal oxidation. In the present embodiment, the load-lock
type oxidation reactor produced by Hitachi Kokusai Electric
Inc. was used. As aresult, as shown in FIG. 6D, a silicon oxide
640 of a thickness of about 30 nm 1s formed at the surface
portion of the silicon substrate 600. Moreover, a compara-
tively thick silver oxide 1s formed on the surfaces of the silver
particles 630 in the neighborhood of the surface of the silicon
ox1ide 640. Then, the silver oxide formed on the surfaces of the
silver particles 630 has a thickness thinner toward the depth-
wise direction of the silicon oxide 640. As a result, the silver
particles 630 after the insulation were formed with a com-
paratively small variation in the particle size 1n the depthwise
direction of the silicon oxide 640 in comparison with the
silver particles 620 before the msulation.

By forming a second layer on the surface of the silicon
oxide 640, the fine particle-containing body of the present
invention 1s completed.

Although the silicon oxide was used as the control layer,
the control layer may be anything so long as 1t 1s able to
control the amount of introduction of the substance for form-
ing the fine particles and to be removed after the introduction
of the substance. For example, 1t 1s acceptable to constitute
the control layer of, for example, an SiN film and remove the
control layer by phosphoric acid 1n the removal process.

Although silver was used as the second material for form-
ing the fine particles 1n the first through sixth embodiments, 1t
1s also acceptable to use other metals of, for example, gold,
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copper, aluminum, tin, nickel, platinum, zinc, hatnium, man-
ganese, tantalum, titanium, tungsten and indium other than
silver.

In particular, a substance that forms a fine oxide on the
surface like aluminum, which can cover the fine particles with
an 1nsulator (coating layer) with few defects, 1s able to effec-
tively suppress the electric charge leakage phenomenon when
clectric charge 1s retained in the aluminum fine particles.
Therefore, a fine particle-containing body with an excellent
charge retention characteristic can be formed.

Otherwise, when a material capable of obtaining an insu-
lator of a high dielectric constant by msulation like haitnium
(hainium oxide 1n the case of hainium) 1s employed as the
second material for forming the fine particles, the fine par-
ticles can be covered with the 1nsulator of a high dielectric
constant. With this arrangement, when an electric charge 1s
retained 1n the fine particle, the magnitude of the Coulomb
force depending on the presence or absence of an electric
charge can effectively be given to the outside. Moreover, the
clectric field can be exalted 1n the insulator of the high dielec-
tric constant, and therefore, an electric charge can etliciently
be put 1 and out of the fine particle. Therefore, a memory
function body of excellent operation characteristics can be
formed. For example, if the fine particles are used for the
floating gate of, for example, a memory transistor, a memory
window can be enlarged. Therefore, a memory transistor of
high reliability can be constituted.

Moreover, 1t 1s also possible to use a semiconductor of
s1licon, germanium or the like or an alloy or a compound other
than the semiconductor for the fine particles.

In particular, when silicon 1s used for the fine particles and
the coating layer 1s formed of a silicon oxide or a silicon
nitride by insulating the surface portions of the silicon fine
particles by oxidation or nitriding, the coating layer can func-
tion as a barrier effective against the electric charge retained
in the silicon fine particles. That 1s, a memory function body,
which has scarce electric charge leakage and has a satisfac-

tory retention characteristic, can be formed.

Moreover, since the silicon substrate 600 1s used as the first
layer and the silicon oxide or the silicon nitride 1s used as the
first material that forms the medium, the fine particle-con-
taining body can be formed by using the existing semicon-
ductor manufacturing equipment. Therefore, the fine particle-
containing body can be manufactured comparatively easily at
low cost. Moreover, consolidation with other elements can
casily be achueved, and high versatility and practicability are
obtained.

Moreover, the fine particle-containing body manufacturing,
method of the present embodiment forms the control layer on
the precursor of the medium. Therefore, after the introduction
ol the substance for forming the fine particles into the precur-
sor, the layer to be removed can be removed with a small
variation 1n thickness in the process of removing the control
layer.

Seventh Embodiment

In the present embodiment, when the substance for form-
ing the fine particles 1s introduced into the control layer and
the medium precursor by 1on implantation, 1t 1s different from
the sixth embodiment that the implantation 1s carried out from
the direction that makes an acute angle to the surface of the
control layer. That 1s, the 10n 1implantation 1s carried out at an
implantation angle of not smaller than zero degrees and not
greater than 90 degrees with respect to the surface of the
control layer.
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In concrete, the silver negative 10ons are implanted nto the
silicon substrate as the precursor of the medium and the

s1licon oxide as the control layer formed on the silicon sub-
strate making an implantation angle of about 70° with respect
to the normal line of the surface of the silicon oxide. The
s1licon oxide has a thickness of about 100 nm. The implanta-
tion condition of the silver negative 1ons 1s roughly similar to
that of the sixth embodiment.

Subsequently, as the result of carrying out the process of
removing the control layer, the process of forming the silver
particles by heat treatment and the process of forming the
medium (silicon oxide) by thermal oxidation as 1n the sixth
embodiment, the silver particles were formed distributed 1n a
region narrower than that of the sixth embodiment 1n the
depthwise direction of the silicon oxide. In the present
embodiment, the silver particles were able to be formed 1n a
region ol a thickness of about a half of that of the sixth
embodiment.

In this case, by the implantation method using positive
ions, the insulator of the silicon oxide or the like subjected to
the implantation 1s disadvantageously electrified, frequently
causing a case where the implantation profile of silver 1ons 1s
expanded or a case where the desired implantation depth
cannot be obtained even if the silver 1ons are implanted at an
acute angle. In contrast to this, since the negative 1on 1implan-
tation method 1s used 1n the present embodiment, the silicon
oxide or the like 1s not electrified with a high voltage, and the
implanted silver 1ons can be distributed 1n conformity to the
setting. As a result, the fine particles can be formed with a
comparatively narrow width of distribution at the desired
depth. Theretore, even 1f the silicon oxide as, for example, the
control layer formed on the silicon substrate as the precursor
1s formed 1nto a thin film, the implantation of the silver 10ns
can be stopped within the region of the precursor of the silicon
substrate, making 1t possible to avoid the disadvantage that
the silver 1ons are implanted to the region that becomes the
first layer of the silicon substrate.

As the result of forming the silver particles via the control
layer obtained by forming the silicon oxide 1nto a thin film of
a film thickness of about 50 nm on similar conditions, the
silver particles were able to be accurately formed throughout
the region at the prescribed depth 1n the precursor of the
silicon substrate as i1n the case where the control layer of a
s1licon oxide of a thickness of 100 nm was employed. More-
over, by reducing the implantation energy to a low energy or
increasing the implantation angle to the surface of the silicon
oxide to a high angle, 1t becomes possible to employ a silicon
oxide further reduced 1n thickness.

Since the mmplantation efficiency 1s reduced when the
implantation angle of the substance for forming the fine par-
ticles 1s comparatively large, 1t 1s preferable to set the angle
not greater than 80 degrees with respect to the normal direc-
tion of the surface subjected to the implantation.

Eighth Embodiment

In the present embodiment, the surface of the medium 1s
ctched while implanting the substance for forming fine par-
ticles into the medium that retains the fine particles. For
example, the silicon oxide 1s etched while implanting silver
ions 1nto the silicon oxide formed on a silicon substrate.

FIGS. 7A and 7B are schematic views showing appara-
tuses for implanting a fine particle material into a medium. As
shown 1n FIGS. 7A and 7B, the apparatus has a structure 1n
which a reaction chamber 710 of a dry etching apparatus 1s
provided with an outlet port of a beam transport part 720 of an
ion 1mplanter, making the chamber concurrently serve as the
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implantation chamber of the 1on implanter. The dry etching
apparatus has a coil 740, a microwave waveguide 750, an
ctching gas introducing tube 760 and vacuum outlet ports
770. Moreover, the present apparatus has a magnetic shield
780 provided around the beam transport part 720 to prevent
the 1on beam from being intluenced by the external magnetic
fields from the coil 740 and the like.

Moreover, the present embodiment, in which 1ons for
forming the fine particles are implanted tilted to the medium,
has a structure in which an 1on implantation direction has an
angle of about 70° with respect to the normal line of the
substrate holding base 730 as shown 1n FIG. 7A. Moreover, it
1s also possible to set the implantation direction of the con-
ductor 10ns 1n the desired direction by changing the direction
in which the beam transport part 720 1s attached or providing
the beam transport part 720 with a beam path changing
mechanism.

Otherwise, by changing the tilt of the substrate holding
base 730 with a movable mechanism provided for the sub-
strate holding base 730, the direction of implantation to the
medium on the substrate or the like can be arbitrarily set. FIG.
7B 1s a view schematically showing a state 1n which only the
substrate holding base 730 1s tilted by an angle of about 15°
from the state of FIG. 7A. Therefore, the conductor 1on
implantation angle becomes about 55° 1n the state of F1G. 7B.

In this case, silver negative 1ons were implanted by about
1x10">/cm? into the silicon oxide as the medium that has been
formed on the silicon substrate to a film thickness of about 40
nm with an implantation energy of about 30 KeV by means of
the apparatus of FIG. 7A. Also, the silicon oxide was etched
at a constant rate by about 10 nm by dry etching. In the present
embodiment, the mean current density of the beam was about
1 uA/cm?, and the etching rate was about 4 nm/min.

Subsequently, heat treatment was carried out by a method
similar to that of the first through sixth embodiments to form
fine particles in the medium. In the first through sixth embodi-
ments, fine particles of the largest particle size were formed at
the prescribed depth away from the surface of the silicon
oxide as the medium, and fine particles of a particle size
smaller than the particle size were formed above and below
the prescribed depth. Moreover, the fine particle density
tended to become nonuniform 1n the film thickness direction
of the silicon oxide as the medium. However, 1n the present
embodiment, a distribution of silver particles comparatively
uniform to a depth of about 10 nm away from the surface of
the silicon oxide as the medium was obtained, and the varia-
tions 1n the size and the density of the fine particles were
reduced.

Moreover, since the tilt implantation for implanting the fine
particle material from the direction at an acute angle to the
surface of the medium 1s carried out in the present embodi-
ment, the region 1n which the fine particles are formed can be
set within a narrow range 1n the film thickness direction of the
medium. Moreover, 1f the implantation angle of the fine par-
ticle matenial 1s adjusted, the range 1n which the fine particles
are formed i1n the medium can be adjusted. Further, it
becomes possible to further control the vanation in the range
in which the fine particles are formed by using negative 10ns
as 1n the present embodiment, the range 1n which the fine
particles are formed can be adjusted with a satisfactory accu-
racy.

Moreover, since the variations in the size and the density of
the fine particles in the medium can be reduced, the density of
the particle size corresponding to the depth of the medium can
uniformly be formed in the direction of the plane of the
medium. Therefore, the charge retention characteristic can be
uniformed 1n the direction of the plane of the medium.




US 8,153,207 B2

27

Further, by carrying out the process of insulating the fine
particles, the particle size of the fine particles can be reduced
as 1n the other embodiments, and the charge retention char-
acteristic of the fine particles can be improved. In particular,
the fine particles can be formed 1n the narrow range in the film
thickness direction of the medium 1n the present embodiment,
and therefore, the medium can be formed into a thin film.
Moreover, since the fine particles can be formed within the
narrow range in the thickness direction of the thin film, it 1s
possible to form the coating layer by mnsulating the surface
portions of almost all the fine particles 1n a short time and to
shorten the time of the msulating process. Moreover, since the
variation in the insulation of the surface portions of the fine
particles can be suppressed, the reliability and productivity
can be improved.

Although the 1on 1implantation into the silicon oxide as the
medium has been carried out in the present embodiment, it 1s
acceptable to form the control layer on the surface of the
precursor of the medium and carry out 10n implantation into
the precursor via the control layer.

Ninth Embodiment

In the present embodiment, a memory function body was
formed by forming a fine particle-containing body including
nanometer-size fine particles by the fine particle-containing,
body manufacturing method of the present invention.

FIG. 8 A 1s a schematic view showing the memory function
body that employs the fine particle-containing body of the
embodiment. FIG. 8B i1s an enlarged view showing part of
FIG. 8 A. The memory function body has a silicon oxide 810
as the medium on a substrate 800 as the first layer, and silver
particles 820 covered with a silver oxide 825 as the coating,
layer 1s formed 1n the silicon oxide 810. An electrode 830 as
the second layer formed of aluminum 1s provided on the
s1licon oxide 810.

As the result of carrying out experiment by measuring a
capacitance C of the silicon oxide 810 when a voltage Vg was
applied between the silicon substrate 800 and the aluminum
clectrode 830 of the memory function body, curves as shown
in FIG. 9 were obtained. In FIG. 9, the horizontal axis repre-
sents the voltage Vg (V), and the vertical axis represents the
capacitance C (pF). As 1s apparent from FIG. 9, the memory
function body exhibits a hysteresis characteristic. As
described above, the silicon oxide 810, which includes the
nanometer-size silver particles 820 of the present embodi-
ment, has the hysteresis characteristic. Therefore, by a com-
parison of the magnitude of the capacitance when same volt-
age 1s applied between the silicon substrate 800 and the
aluminum electrode 830, binary value distinction can be
achieved to allow a memory function to be produced.

Moreover, according to the fine particle-contaiming body of
the present embodiment, silver particles 820 covered with a
silver oxide 825 are formed by introducing a substance for
forming fine particles into the medium by negative 1on
implantation, forming fine particles by heat treatment and
thereafter reforming the surface portions of the fine particles
through an insulating process. Theretfore, the silicon oxide
810 as the medium sutlers a little damage since the substance
1s 1troduced by the negative 1on implantation and has a
quality equivalent to that of a single thermal oxide. Therefore,
the memory function body has very high reliability. More-
over, the memory function body has excellent productivity
since a time required for the manufacturing 1s shorter than 1n
the case where the insulator and the fine particles are formed
by, for example, the CVD method.
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Moreover, by implanting, for example, hydrogen or other
molecules 1n the process of reforming the surface portions of
the silver particles, defects of dangling bond and the like
existing on the surfaces of the silver particles are terminated,
allowing the defects to be reduced. As aresult, silver particles
820, which have satisfactory surfaces with, for example, a
reduced amount of interface states, are obtained.

Moreover, the silver oxide as the third matenial for forming
the silver oxide 825 as the coating layer has the nsulated
silver as the second material for forming the silver particles
820. Therefore, interfaces between the silver oxide 825 and
the silver particles 820 come to have a satisfactory state with
a comparatively reduced amount of interface states. There-
fore, the silver particles 820 have the retained electric charge
leakage reduced further than 1n the conventional case, so that
a memory function body capable of retaining an electric
charge for a time longer than 1n the conventional case can be
achieved.

Moreover, since the silver oxide as the third maternial 1s
obtained by oxidizing silver as the second material, the fine
particle-containing body can be manufactured by using the
ex1isting oxidation reactor or the like widely used 1n the semi-
conductor industry. This therefore obviates the need for new
manufacturing equipment for the fine particle-contaiming,
body, allowing the mvestment cost for the equipment to be
reduced for the obtainment of an inexpensive memory func-
tion body.

Moreover, silver 1ons as the substance are implanted 1nto
the silicon oxide 810 as the medium by the negative 1on
implantation. Therefore, the variation 1n the formation posi-
tion of the silver particles by electrification can be sup-
pressed, and the silicon oxide 810 including the silver par-
ticles can be formed 1nto a thin film and scaled down 1n size.
Further, the effective electric field applied to the silicon oxide
810 1s strengthened due to the comparatively small thickness
even 1I same voltage 1s applied between the electrodes 1n
comparison with the case where the thickness 1s compara-
tively great. Therefore, the memory function body 1s allowed
to have a low operation voltage, so that the productivity and
low power consumption property can be improved.

Moreover, by implanting the silver 1ons at an acute angle
with respect to the surface of the silicon oxide 810 during the
silver 1on 1implantation, the spread of the distribution of the
silver particles 820 in the thickness direction of the silicon
oxide 810 can be suppressed. Therefore, the silicon oxide 810
can be formed 1nto a thin film, and the scale-down can ettec-
tively be achieved.

With regard to the thickness of the silicon oxide 810, a
sample of which the thickness was increased to 70 nm by
increasing only the silicon oxide by employing the silicon
oxide 110 of'the first embodiment was formed, and a potential
difference was applied to the sample to carry out an experi-
ment. As a result, the film of the sample did not operate as a
memory function body unless the potential difference was
raised to about 10 V. Moreover, if the potential difference of
10 V was given, dielectric breakdown disadvantageously
occurred. Theretfore, the thickness of the silicon oxide 810
should preferably be smaller than 70 nm.

Moreover, if the memory function body of the present
embodiment 1s used for the capacitor of the conventional
DRAM (Dynamic Random Access Memory), a DRAM that
requires no refresh or 1s able to largely reduce at least the
refresh frequency can be provided. Moreover, since there 1s
no need to use a special matenal like a ferroelectric substance
for a ferroelectric memory, a DRAM that can be fabricated
through simple processes and has excellent productivity can
be obtained.
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With regard to the size of the silver particle 820, the scale-
down becomes difficult when the size 1s excessively large,

and the memory function 1s degraded when the size 1s exces-
stvely small. Therefore, a nanometer size, 1.¢., a size smaller
than 1 um 1s preferable, and 1t 1s particularly preferable that
silver particles 820 included in the particle size range of not
smaller than 0.1 nm and not greater than 4 nm form a majority.

Moreover, semiconductors of polysilicon and the like other
than metal can be used for the electrode 830 so long as the
substance 1s a conductive substance. Moreover, the silicon
substrate 800 as the first layer may be provided by another
substance so long as the substrate has an electrical conduc-
tivity.

Although the case where the silver particles 820 as the fine
particles covered with the silver oxide 825 have been formed
in the silicon oxide 810 as the medium in the present embodi-
ment has been described, the fine particles may be formed of
another substance of gold, copper, silicon, germanium, alu-
minum, tungsten, niobium, zirconium, titanium, chromium,
tin, cobalt, nickel, iron, antimony, lead or the like. The fine
particles should properly be formed so as to be covered with
an 1nsulator (coating layer) obtained by oxidizing the fine
particles according to the material of the fine particles.

Moreover, although the oxide obtained by oxidizing the
surface portions of the fine particles has been employed as the
coating layer, a nitride film obtained by nitriding the surface
portions of the fine particles may be employed. Since the
coating layer can be formed on the surface portions of the fine
particles by using the existing semiconductor manufacturing,
equipment even 1i a nitride film 1s employed as the coating
layer, the fine particle-containing body can be formed com-
paratively easily at low cost.

Moreover, the medium (1nsulator) that retains the fine par-
ticles and the insulator 1s not limited to the silicon oxide but
allowed to be formed of a silicon nitride, a glass substrate,
another semiconductor or the like.

Moreover, the fine particles are sometimes formed roughly
simultaneously with the implantation even 1f the process of
forming the fine particles such as heat treatment 1s not carried
out depending on the implantation condition of silver 1ons. If
the dimensions and so on of the fine particles satisiy pre-
scribed requirements, the implantation process can concur-
rently serve as the particle formation process, so that the
number of processes can be reduced. Moreover, a heat treat-
ment effect 1s sometimes obtained when, for example, heat 1s
applied 1n the process of reforming the silver particles. In the
case, the reforming process can concurrently serve as the
particle formation process, so that the number of processes
can be reduced.

Tenth Embodiment

In the present embodiment, a fine particle-containing body
1s formed of a material different from that of the ninth
embodiment, and a memory function body 1s formed. That 1s,
silicon 1s 1mmplanted into a silicon thermal oxide as the
medium in place of silver by an implantation dose of 1x10">
to 1x10'®/cm” under implantation energy of 10 to 15 KeV.
Then, heat treatment 1s carried out 1n a nitriding atmosphere,
forming Si1N/S1 fine particles by covering the surfaces of
s1licon fine particles with SiN as the coating layer. The heat
treatment 1s carried out for several hours 1n an ammoma
atmosphere at a temperature of about 900° C.

It was discovered that the memory function body formed in
the present embodiment had a hysteresis larger than that of
the memory function body produced by forming silicon fine
particles by the conventional CVD (1.e., memory window 1s
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large) and was also excellent 1n the charge retention charac-
teristic. This 1s ascribed to the fact that the insulator, which
becomes the medium including the fine particles, 1s the sili-
con thermal oxide having a quality better than that of the
oxide of the CVD film or polysilicon. Moreover, formed on
the surfaces of the silicon fine particles 1s not the SiN film
tformed by CVD but the SiN film formed through an annealing
process. Therefore, excellent characteristics capable of
reducing the amount of interface states to be formed between
the silicon fine particles and the SiN film and having a
reduced leakage of the retained electric charge.

Moreover, S1N as the third material for forming the coating,
layer 1s the silicon nitride, which has a high dielectric con-
stant. Therefore, the electric field intensity when the voltage
1s applied can be increased, and an electric charge can eifi-
ciently be put 1n and out of the silicon fine particles. More-
over, since SiN 1s the substance frequently used in the semi-
conductor industry and formable by using the existing
semiconductor manufacturing equipment, the coating layer
can be formed comparatively easily at low cost.

Eleventh Embodiment

In the present embodiment, a fine particle-containing body
1s formed of a material different from that of the ninth
embodiment, and a memory function body 1s formed. That 1s,
conductive fine particles are formed of aluminum 1n place of
silver. Aluminum 1s 1mplanted 1nto a silicon oxide as the
medium by an implantation dose of about 1x10"* to 1x10"°/
cm” with implantation energy of 5 to 15 KeV, and heat treat-
ment 1s carried out as in the tenth embodiment. The heat
treatment temperature 1s not higher than 600° C. As a result,
a memory function body having a silicon oxide, 1n which
Al,O./Al fine particles obtained by covering the surfaces of
the fine particles with alumina discretely existed, was able to
be manufactured.

The memory function body of the present embodiment has
a hysteresis larger than that of the memory function body
having fine particles produced by the conventional method
(1.e., memory window 1s large) and also has an excellent
charge retention characteristic. This 1s ascribed to the fact that
the conductive fine particles have excellent charge storage
capabilities because the metal of aluminum 1s used for the
conductive fine particles and have excellent charge retention
capabilities because they are enclosed by alumina that 1s an
excellent insulator. Moreover, the alumina 1s 1n the so-called
passive state, and oxidation 1s scarcely promoted after alu-
mina 1s formed by oxidation on the surfaces of the aluminum
fine particles. Therefore, the characteristics relevant to the
clectric charge scarcely change. As a result, a highly reliable
memory function body, which 1s able to perform stable
memory operation because the characteristics scarcely
change with the lapse of time, can be provided.

Twelfth Embodiment

In the present embodiment, conductive fine particles were
formed by a method different from that of the eleventh
embodiment. That is, a solid phase diffusion method was used
as a method for introducing a substance for forming conduc-
tive fine particles 1n the medium instead of the 1on implanta-

tion method. For example, a case where aluminum fine par-
ticles are formed 1n the silicon oxide as the medium as 1n the
cleventh embodiment 1s described.

First of all, a silicon oxide as the medium 1s formed as in the
first embodiment. An aluminum film 1s formed by depositing
aluminum on the silicon oxide by means of a vacuum evapo-
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rator. A sputtering method may be used 1nstead of the evapo-
ration method, and any method may be used so long as an

aluminum film can be formed.

Subsequently, heat treatment was carried out at a tempera-
ture of about 400° C. to 600° C., so that aluminum was
diffused from the aluminum film 1nto the silicon oxide as the
medium. Subsequently, fine particles were formed by carry-
ing out heat treatment at a temperature lower than a tempera-
ture at which the diffusion 1s carried out, and thereafter, a
coating layer was formed on the surface portions of the fine
particles by oxidation.

Subsequently, an electrode as the second layer was formed
as 1n the eleventh embodiment to form a fine particle-contain-
ing body. It was discovered that the fine particle-containing
body had excellent memory characteristics as 1n the eleventh
embodiment.

According to the present embodiment, a memory function
body of excellent characteristics can be formed by using the
diffusion method more easily than by the 1on implantation
method.

It 1s more preferable to form an AlS1 film 1n place of the
aluminum {film on the surface of the silicon oxide as the
medium since the neighborhood of the surface of the silicon
oxide can be prevented from having a very high concentra-
tion. Moreover, 11 a maternial whose oxide forms a passive
state as represented by aluminum 1s employed as fine par-
ticles, the material 1s advantageous since the surfaces of the
fine particles can be covered with an insulator of a good
quality by oxidation.

As described above, 1n the present embodiment, the sub-
stance for forming the fine particles can be diffused by a large
amount 1into the medium through a small number of processes
by the solid phase diffusion method. Moreover, the solid
phase diffusion method, which can be carried out by a com-
paratively simple apparatus, 1s able to comparatively easily
form a large number of fine particles in the medium.

It 1s noted that the fine particles are sometimes formed
roughly simultaneously with the diffusion depending on the
conditions of the solid phase diffusion even if the process of
heat treatment or the like for forming fine particles 1s not used.
I1 the fine particles satisiy the requirements of the prescribed
dimensions and so on, the diffusion process can concurrently
serve as the process of forming fine particles. Otherwise,
when, for example, heat1s applied 1n the reforming process of
the surface portions of the fine particles, a heat treatment
elfect for forming fine particles 1s sometimes obtained. In the
case, the particle formation process and the reforming process
can be carried out in one process.

Thirteenth Embodiment

In the present embodiment, a storage element 1s formed by
employing a fine particle-containing body formed on a semi-
conductor substrate. That 1s, nanometer-size conductive fine
particles manufactured by the particle formation method of
the present invention are formed 1n an insulator on the semi-
conductor substrate, and an electrode 1s further formed on the
insulator by a normally used method. A substance of a metal,
polysilicon or the like can be used for the electrode so long as
the substance 1s a conductive substance. Source and drain
regions were formed in the semiconductor substrate by a
method used for the manufacturing of a transistor of a flash
memory and the like, constituting a field effect transistor for
the manufacturing of a storage element of the present mnven-
tion.

FI1G. 10 1s a schematic view showing the storage element of
the present embodiment. A silicon oxide 1010 as the medium
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1s formed on a silicon substrate 1000, and silver particles
covered with a silver oxide as the coating layer are formed 1n
the silicon oxide 1010. An aluminum film 1s formed on the
silicon oxide 1010, and a gate electrode 1020 as the second
layer 1s formed from the aluminum film by photolithography
and etching. Then, source/drain regions 1030 are formed 1n
the silicon substrate 1000 by the normal 10n 1mplantation
method. The source/drain regions 1030 have electrical con-
ductivity and functions as the first layer of the fine particle-
containing body. Further, an interconnection process 1s car-
ried out by a normal method, forming a transistor.

The storage element manufactured 1n the present embodi-
ment obtained a threshold magnitude varied in correspon-
dence with the magmtude of the capacitance described 1n
connection with the ninth embodiment. That 1s, 1n order to
execute write and erase, a sulficiently large positive or nega-
tive voltage 1s applied to the gate electrode 1020 as 1n the
floating gate type memory. In order to execute read, it 1s
proper to detect a current that flows between the source and
drain 1030. In the storage element of the present embodiment,
a difference of about 2 V was caused 1n the threshold value
between immediately after the application of +15 V and
immediately after the application of —15 V to the gate elec-
trode 1020. Therefore, the storage device of the present
embodiment can execute memory operation similar to that of
the flash memory and the like.

Moreover, the silicon oxide 1010, which can be formed
into a thin film, can be scaled down 1n size and operable with
alow voltage. Furthermore, since no complicated process like
that of the flash memory 1s needed and no special matenal like
that of the ferroelectric memory 1s employed, excellent pro-
ductivity 1s possessed.

Moreover, the silver particles of the fine particle-contain-
ing body contained 1n the storage element are covered with
the oxide that has an electrical insulation property. Therefore,
the charge retention characteristic of the tree fine particles can
be improved, by which the storage retention characteristic of
the storage element can be improved.

Moreover, since the silver particles have electrical conduc-
tivity, the amount of charge that can be retamned per unit
volume 1n the silver particles can be increased. Therefore,
even 1f there 1s some change 1n the amount of charge that the
silver particles retain, a ratio of change with respect to the
whole amount of charge 1s reduced, and therefore, the storage
retention characteristic of the storage element can be stabi-
lized.

Moreover, since the silicon oxide 1010 and the silver oxide
are mutually different insulators, the inflow or outtlow of an
clectric charge to and from the inside of the silver particles
can effectively be suppressed. Therelore, the characteristics
of the storage element can be stabilized.

Moreover, since the silver oxide as the coating layer 1s
obtained by making insulative silver that 1s the material of the
fine particles, the interface between the silver oxide and the
silver particle can be put into a satistactory state in which the
interface states are comparatively reduced. Therelore, a stor-
age element capable of reducing the leakage of the electric
charge retained 1n the silver particles and retaining an electric
charge for a long time can be provided.

Moreover, the silver oxide 1s obtained by oxidizing silver
that 1s the material of the fine particles by using the existing
oxidation reactor or the like widely used in the semiconductor
industry. Therefore, an inexpensive storage element capable
of obviating the need for new manufacturing equipment for
the storage element and allowing the investment cost for the
equipment to be reduced.
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Moreover, the silicon oxide 1010, which can be formed by
partially oxidizing the silicon substrate 1000, can be manu-
factured comparatively easily by means of the existing appa-
ratus used in the semiconductor industry. Therefore, a highly
reliable storage element can be formed at low cost.

Moreover, 1n the process of forming the silver oxide on the
surfaces of the fine particles, the defects of dangling bond and
the like, which have existed on the surfaces of the silver
particles, can be reduced for reformation by, for example,
thermal oxidation with hydrogen added. With this arrange-
ment, the surfaces of the silver particles can be formed into a
satisfactory state in which, for example, interface states are
reduced. As a result, the storage element of the present
embodiment has a reduced leakage of the electric charge
retained 1n the fine particles and 1s able to stably retain the
memory state for a long time.

Moreover, the silver particles should preferably be formed
by implanting silver 1ons for forming the fine particles into the
s1licon oxide 1010 by the 1on implantation method. By using
the 10n 1implantation method, a large amount of silver 10ns can
be implanted into the silicon oxide 1010 at a time, and a large
number of fine particles can consequently be formed in the
s1licon oxide 1010.

In particular, the 1on 1mplantation should preferably be
carried out by forming the silver 1ons into negative ions. In the
case, the high-voltage electrification of the silicon oxide 1010
can elfectively be suppressed in a state 1n which the silicon
oxide 1010 that 1s the insulator 1s electrically floating than
when the implantation 1s carried out in the form of positive
ions. Therefore, the variation 1n the implantation depth of the
silver 1ons and the defects of the silicon oxide 1010 can
cifectively be prevented from occurring. Moreover, since the
negative 1on implantation method can be carried out by
changing only part of the existing 10on implanter, the fine
particles can be produced at low cost.

Moreover, the process of forming the silicon oxide 1010 by
partially oxidizing the silicon substrate 1000 and the process
of forming the silver oxide by oxidizing the surface portions
of the silver particles out of the manufacturing processes of
the fine particle-contaiming body are the processes that have
conventionally been frequently carried out by using the exist-
ing semiconductor manufacturing equipment. Therefore, a
series ol semiconductor device manufacturing processes can
be constituted together with, for example, the process of
forming the source/drain regions 1030 by impurity diffusion.
That 1s, the semiconductor device can be manutactured com-
paratively easily at low cost by the manufacturing equipment
that has conventionally been used frequently. Moreover, the
fine particle-containing body can be comparatively easily
consolidated with another semiconductor device.

Although the thickness of the gate insulator (silicon oxide
1010) has been set to about 50 nm 1n the present embodiment,
it 1s a matter of course that a further reduction 1n the film
thickness can be achieved, and the reduction in the film thick-
ness can be achieved within a range 1n which the thickness
does not become smaller than the size of the fine particles.
The gate electrode should preferably be made smaller than 5
nm, and this makes it possible to lower the operation voltage
of the storage element for the achievement of driving with a
voltage lower than 10 V.

As described above, the storage element of the present
embodiment, which 1s constituted by employing the fine par-
ticle-containing body of the present invention, i1s therefore
allowed to have high mass productivity, excellent leakage
tolerance and further scale-down in size than 1n the conven-
tional case. Then, by forming a storage circuit by integrating,
the storage elements, a compact semiconductor device can be
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formed. Furthermore, by constituting electronic equipment
of, for example, portable communication equipment by
employing the semiconductor device, the electronic equip-
ment can be downsized.

Fourteenth Embodiment

In the present embodiment, a field effect transistor was
constituted by employing a gate imnsulator obtained by reduc-
ing the film thickness of the silicon thermal oxide formed 1n
the tenth embodiment to a thickness of about 5 to 10 nm, and
a storage element was produced. The storage element has a
construction similar to that of the thirteenth embodiment
except for the gate msulator.

The gate insulator was produced by a method simailar to that
of the silicon thermal oxide including the fine particles of the
tenth embodiment. In the process of introducing the sub-
stance for forming the fine particles by 10on implantation,
s1lver 1ons were implanted at an implantation angle making an
angle ol about 65 to 80° with respect to the normal line of the
surface of the silicon thermal oxide. Moreover, the thickness
of the silicon thermal oxide at the time of 1on implantation
was about 25 nm, and the silicon thermal oxide was etched by
about 10 to 20 nm and formed into a thin film 1n the subse-
quent process.

As the result of measuring the storage element of the
present embodiment as 1n the tenth embodiment, a threshold
difference of about 2 V was caused between immediately
alter the application of +3 V and immediately after the appli-
cation of =3 V to the gate.

As described above, 1t was discovered that the storage
clement of the present embodiment was able to perform
memory operation similar to that of the flash memory and the
like even with a low voltage with which the normal flash
memory can hardly operate.

The above 1s presumably ascribed to the fact that electrons
could be implanted into the silver particles with a low voltage
as a consequence of the remarkable quantum effect made
producible since the silver particles in the silicon thermal
oxide were covered with the silver oxide in the silicon thermal
oxide that operated as the gate imnsulator. It 1s further consid-
ered that the leakage of electrons from the fine particles 1s
suppressed by the Coulomb blockade effect and the like.

The storage element of the present embodiment should
preferably be reduced 1n thickness to the extent that the thick-
ness ol the gate isulator does not become smaller than the
s1ze of the fine particles contained 1n the gate insulator and set,
in concrete, to a thickness smaller than 5 nm. This makes it
possible to lower the operation voltage of the storage element
for the achievement of driving with a voltage lower than 10 V.

Moreover, the fine particle-containing body of the present
embodiment can easily be manufactured, and the manufac-
turing method has an aifinity for the conventional silicon
processes. Therefore, a semiconductor device can be consti-
tuted by easily integrating the storage element including the
fine particle-containing body into another circuit. Such a
semiconductor device can easily be reduced 1n s1ze and power
consumption. Therefore, by constituting electronic equip-
ment of portable commumication equipment or the like by
employing the semiconductor device, the electronic equip-
ment can effectively be reduced 1n size and power consump-
tion.

Fifteenth Embodiment

In the present embodiment, experiments to observe the
characteristic changes of the fine particle-containing body
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were carried out by changing the film thickness of the
medium as well as the value of the implantation energy and
the implantation dose of the substance for forming fine par-
ticles into the medium with regard to the fine particle-con-
taining body.

In the present embodiment, a fine particle-containing body
was formed by employing a medium of a thickness of not
greater than 30 nm. More 1n detail, a silicon oxide of a film
thickness of about 10 nm to 30 nm was employed as the
medium. The silicon oxide was produced by thermally oxi-
dizing the surface portion of a silicon substrate.

FIGS. 11A through 15D are views showing fine particle-
containing bodies obtained by changing the thickness of the
silicon oxide, the implantation energy of the particle forma-
tion substance and the implantation dose of the particle for-
mation substance.

FIGS. 11A and 11B schematically show the fine particle-
containing bodies when the implantation energy of the par-
ticle formation substance 1s made comparatively large. FIGS.
12 A and 12B schematically show the fine particle-containing
bodies when the implantation energy 1s made comparatively
small. FIGS. 13A and 13B schematically show the fine par-
ticle-containing bodies when the silicon oxide 110 1s formed
into a thin film. FIGS. 14A through 14D and 15A through
15D schematically show the fine particle-containing bodies
when the implantation dose 1s increased. In the present
embodiment, a silicon oxide 110 was formed on a silicon
substrate 100, a fine particle 130 was formed 1n the silicon
oxide 110, a coating layer 140 was formed by oxidizing the
surface portion of the fine particle 130, and thereafter an
clectrode 102 was formed on the silicon oxide 110.

As the result of evaluating the electrical characteristics of
the fine particle-containing bodies using the silicon substrate
100 as a first electrode and using the electrode 102 on the
silicon oxide as a second electrode, it was discovered that
satisfactory charge retention characteristic 1s basically pos-
sessed like the characteristic obtained 1n the first embodi-
ment.

In the fine particle-containing body of FIG. 11A, the por-
tion of the coating layer 140 that covers the fine particle 130
1s put 1n contact with the semiconductor substrate 100 as the
first layer. In the fine particle-containing body of FIG. 11B,
the coating layer 140 has a form such that 1t partially sinks in
the semiconductor substrate 100. The fine particle-containing
bodies of FIGS. 11A and 11B are connected to paths each of
which connects the fine particle 130 with the semiconductor
substrate 100 not by way of the silicon oxide 110 as the
medium.

In the fine particle-containing bodies of FIGS. 11A and
11B, 1t has been easy to put an electric charge into and out of
the semiconductor substrate 100. As the result of constituting,
a transistor similar to those of the thirteenth and fourteenth
embodiments by employing the fine particle-containing body
tor the gate msulator and examining the electrical character-
1stics, the rewrite voltage was allowed to be a low voltage. As
described above, the storage element, which employs the fine
particle-containing body, 1s able to operate with a low volt-
age, allowing the rewrite power consumption to be reduced.

In e1ther one of the fine particle-containing bodies of FIGS.
11A and 11B, the silicon oxide 110 does not exist between the
fine particle 130 and the silicon substrate 100, and 1solation 1s
achieved only by the coating layer 140 that covers the fine
particle 130. In the conventional fine particle-contaiming,
body that has had no coating layer surrounding the fine par-
ticle, if the fine particle 1s put 1n contact with the silicon
substrate, the fine particle has produced no charge retention
function. In contrast to this, in the fine particle-containing
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body of the present invention, the surface of the fine particle
1s covered with the coating layer, and the coating layer 1s
formed of an insulator or the like, which serves as a barrier to
the electric charge. Therefore, even if the coating layer that
covers the fine particle 1s put in contact with the silicon
substrate, a charge retention capability can be produced.
Theretore, 1t 1s possible to keep the charge retention charac-
teristic satisfactory even 1f some variations are caused with
regard to the distribution of the fine particles and the like, and
the productivity and reliability can be improved.

FIG. 12A shows a case where the coating layer 140 1s put
in contact with the electrode 102. In FIG. 12B, the coating
layer 140 has a form such that it partially sinks 1n the electrode
102. The fine particles 130 of FIGS. 12A and 12B are con-
nected to paths each of which connects the fine particle 130
with the semiconductor substrate electrode 102 not by way of
the silicon oxide 110 as the medium.

In the fine particle-containing bodies of FIGS. 12A and
12B, 1t was easy to put an electric charge into and out of the
clectrode 102. As the result of constituting a transistor similar
to those of the thirteenth and fourteenth embodiments with
the fine particle-contaiming body and examining the electrical
characteristics, a comparatively wide memory window was
able to be obtained. Therefore, when a storage element 1s
constituted by employing the fine particle-containing body,
the reliability of the storage element can be improved.

In either one of the fine particle-containing bodies of FIGS.
12A and 12B, the silicon oxide 110 does not exist between the
fine particle 130 and the electrode 102, and 1solation 1is
achieved only by the coating layer 140 that covers the fine
particle 130. By forming the coating layer 140 of an insulator
or the like that serves as a barrier to the electric charge, the
charge retention characteristic of the fine particle 130 can be
kept satistactory even 1f the coating layer 140 1s put 1n contact
with the electrode 102. Therefore, 1t 1s possible to keep the
characteristics of the fine particles satisfactory even if some
manufacturing variations are caused, and the productivity and
reliability of the storage element or the like constituted by
employing the fine particle-containing body can be improved.

FIGS. 13 A and 13B show cases of fine particle-containing,
bodies, where the coating layer 140 that covers the fine par-
ticle 130 1s put in contact with both of the silicon substrate 100
and the electrode 102. That 1s, the fine particles 130 of FIGS.
13A and 13B are connected to paths each of which connects
the fine particle 130 with the semiconductor substrate 100 and
the electrode 102 not by way of the silicon oxide 110 as the
medium. The fine particle-contaiming bodies of FIGS. 13A
and 13B are allowed to have a very low operation voltage for
putting an electric charge into and out of the fine particle 130.
Moreover, a comparatively large memory window can be
obtained. Therefore, a memory transistor of low power con-
sumption, high-speed operation and high reliability can be
constituted.

In particular, the fine particle-contaiming body of FIG. 13B
has a form such that the mutually different portions of the
coating layer 140 sink 1n both the silicon substrate 100 and the
clectrode 102. The silicon oxide 110 does not exist between
the fine particle and the silicon substrate 100 and the electrode
102, and 1solation 1s achueved only by the coating layer 140
that covers the fine particle 130. By forming the coating layer
140 of an 1insulator or the like, which serves as a barrier to the
clectric charge, the particles 130 can reliably produce a
charge retention function without short-circuiting the fine
particle 130 to the silicon substrate 100 and the electrode 102
even 11 the silicon oxide 110 1s formed into a thin film. There-
tore, the fine particle-contaiming body can obtain satisfactory
characteristics even 1I some manufacturing variations are
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caused, and the productivity and reliability can be improved.
Moreover, since the silicon oxide 110 can be formed very
thin, the fine particle-containing body can etlectively be
scaled down 1n size.

In the present embodiment, it is acceptable to provide a >
form such that the coating layer 140 partially sinks in either
one of the silicon substrate 100 and the electrode 102.

The fine particle-containing bodies of FIGS. 14 A through
14D have two fine particles formed with their coating layers
put 1n contact with each other, and the two fine particles are
retained juxtaposed in the widthwise direction of the medium.
Any of the fine particle-containing bodies was able to obtain
a comparatively wide memory window, and the charge reten-
tion characteristics were also satisfactory. Therefore, a highly
reliable memory transistor can be provided by employing the
fine particle-containing bodies.

FIG. 14 A shows a case where the coating layers 140 of the
two fine particles 130 are put 1n contact with each other and
retained 1n the silicon oxide 110. In the fine particle-contain- ¢
ing body of FIG. 14B, the coating layers 140 of the two fine
particles 130 are put 1n contact with the silicon substrate 100,
and the fine particles 130 are connected to paths that connect
the fine particles 130 with the electrode 102 not by way of the
s1licon oxide 110 as the medium. In the fine particle-contain- 25
ing body of FIG. 14C, the coating layers 140 are put 1n contact
with the electrode 102, and the two fine particles 130 are
connected to paths that connect the fine particles 130 with the
clectrode 102 not by way of the silicon oxide 110 as the
medium. In the fine particle-containing body of FI1G. 14D, the 30
coating layers 140 are put 1n contact with both the silicon
substrate 100 and the electrode 102, and the two fine particles
130 are connected to paths that connect the fine particles 130
with the silicon substrate 100 and the electrode 102 not by
way of the silicon oxide 110 as the medium. 35

In either case of the fine particle-containing bodies, the
s1licon oxide 110 does not exist between the two fine particles
130, and 1solation 1s achieved only by the coating layers 140
that cover the fine particles 130. The conventional fine par-
ticle-containing body, which has retained only the fine par- 40
ticles 1n the medium, has had a disadvantage that the dimen-
sion and shape of the fine particles have been largely varied
and the electrical characteristics has varied 1n the case of
mutual contact between the fine particles. In contrast to this,
in the fine particle-containing body of the present embodi- 45
ment, 1t 1s possible to suppress the variation 1n the shape of the
fine particles 130 and suppress the vanation 1n the electric
characteristics of the fine particles 130 by covering the fine
particles 130 with the coating layers 140 formed of the 1nsu-
lator or the like that serves as a barrier to the electric charge. 50
Moreover, since the fine particles of satisfactory characteris-
tics can stably be obtained, the productivity and reliability of
the fine particle-containing bodies can be improved. More-
over, since the density of the fine particles 130 1n the thickness
direction of the silicon oxide 110 can be increased, the storage 55
clement that employs the fine particle-containing body can be
improved in performance and scaled down 1n size.

Moreover, the fine particle-containing bodies of FIGS.
14 A through 14D can deliver and recetve an electric charge
only via the coating layer 140 not by way of the silicon oxide 60
110 as the medium. Therefore, 1t 1s possible to reduce the
voltage necessary for delivering and recewving an electric
charge and reduce a time necessary for delivering and receiv-
ing the electric charge. Therefore, when the fine particle-
containing body 1s used for a storage element, 1t 1s possible to 65
lower the operation voltage and increase the operation speed
of the storage element. Moreover, since no medium exists
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between the two fine particles 130 and 130, the arrangement
density of the fine particles 130 can be improved.

It 1s noted that the number of the fine particles 130, of
which the coating layers 140 are brought 1n contact with each
other, may be greater than two.

FIGS. 15A through 15D has two {ine particles of which the

coating layers are formed 1n contact with each other, and the
two fine particles are retained juxtaposed in the thickness
direction of the medium. As the result of examining the elec-
trical characteristics of the fine particle-containing body, 1t
has been discovered that a multi-value memory can be
achieved.

FIG. 15 A shows a case where the coating layers 140 of two
fine particles 130 are put in contact with each other and
retained 1n the silicon oxide 110. In the fine particle-contain-
ing body of FIG. 15B, the coating layers 140 of two fine
particles 130 are put in contact with the silicon substrate 100,
and the particles 130 are connected to a path that connects the
fine particles 130 with the electrode 102 not by way of the
s1licon oxide 110 as the medium. In the fine particle-contain-
ing body of FIG. 15C, the coating layers 140 are put in contact
with the electrode 102, and the fine particles 130 are con-
nected to a path that connects the fine particles 130 with the
clectrode 102 not by way of the silicon oxide 110 as the
medium. Inthe fine particle-containing body of FIG. 15D, the
coating layers 140 are put 1n contact with both the silicon
substrate 100 and the electrode 102, and the fine particles 130
are connected to a path that connects the fine particles 130
with the silicon substrate 100 and the electrode 102 not by
way of the silicon oxide 110 as the medium.

In either case of the fine particle-containing bodies, the
s1licon oxide 110 does not exist between the two fine particles
130, and 1solation 1s achueved only by the coating layers 140
that cover the fine particles 130. The conventional fine par-
ticle-containing body in which only the fine particles are
retained 1n the medium has had the disadvantage that the
dimension and shape of the fine particles are largely varied
and the electrical characteristics has varied 1n the case of
mutual contact between the fine particles. In contrast to this,
in the fine particle-containing body of the present embodi-
ment, 1t 1s possible to suppress the variation in the shape of the
fine particles 130 and suppress the variation in the electric
characteristics of the fine particles 130 by covering the fine
particles 130 with the coating layers 140 formed of the 1nsu-
lator or the like that serves as a barrier to the electric charge.
Moreover, since the fine particles of satisfactory characteris-
tics can stably be obtained, the productivity and reliability of
the fine particle-containing bodies can be improved. More-
over, since the density of the fine particles 130 in the thickness
direction of the silicon oxide 110 can be increased, the storage
clement that employs the fine particle-containing body can be
improved 1n performance and scaled down 1n size.

As the result of examining the electrical characteristics of
the fine particle-containing bodies of FIGS. 15A through
15D, 1t was discovered that a multi-value memory was able to
be provided. As the result of forming a memory transistor and
applying a voltage of +V1 to the voltage 1n the mitial state of
the fine particle-containing body of FIG. 15A, the threshold
value changed to VT1 when the threshold value 1n the initial
state was assumed to be zero. Next, as the result of applying
a voltage of —V2 to the voltage 1n the initial state, the thresh-
old value changed to VT2. Next, as the result of applying a
voltage of +V2, the threshold value returned to V'11. Next, as
the result of applying a voltage of —V1, the threshold value
returned to the 1nitial state of zero. Moreover, there was the
relation: VI11>V12>0. As a result, a memory transistor of at
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least three values can be provided. Moreover, the cases of
FIGS. 15B, 15C and 15D were further able to permit a low-

ered rewrite voltage.

Moreover, the fine particle-containing bodies of FIGS.
15A through 15D deliver and receive an electric charge only
via the coating layers 140 not by way of the silicon oxide 110
as the medium. Therefore, 1t 1s possible to reduce the voltage
necessary for delivering and receiving an electric charge and
reduce the time necessary for delivering and recerving the
clectric charge. Therefore, when the fine particle-containing
body 1s used for a storage element, it 1s possible to lower the
operation voltage and increase the operation speed of the
storage element. Moreover, since no medium exists between
the two fine particles 130 and 130, the arrangement density of
the fine particles 130 can be improved.

It 1s noted that the number of the fine particles 130, of
which the coating layers 140 are brought in contact with each
other, may be greater than two.

In the present embodiment, fine particle-containing bodies
of comparative examples were produced by changing the
value of the implantation energy and the implantation dose,
and flat fine particle-containing bodies such that a plurality of
fine particles were fused together were obtained. As the result
of forming a memory transistor by employing the fine par-
ticle-containing body that contained the fine particles and
examining the electrical characteristics, it has been discov-
ered that the retention characteristic was inferior. Fine par-
ticle-containing bodies that contained fine particles of other
shapes were similarly examined with regard to the electrical
characteristics, and observation was carried out by a cross-
section TEM (Transmission Electron Microscope). As a
result, 1t has been discovered that more satisfactory electrical
characteristics could be obtained when the shape of the fine
particles was spherical or a shape resembling a sphere. That
1s, a ratio of the major axis to the minor axis should preferably
be not greater than two, and the ratio of the major axis to the
minor axis should more preferably be not greater than 1.2
when the flattest sectional shape of the fine particle 1s approxi-
mated to an oval. Moreover, as the result of observing the
nonspherical fine particles formed by the CVD method, 1t was
discovered that the electrical characteristics were similarly
deteriorated as the shape departed from a true spherical shape.
As the result of examining the experimental results, 1t was
discovered that a ratio of a distance to an edge farthest from
the center of gravity with respect to a distance to an edge
nearest to the center of gravity should preferably be not
greater than two and, in particular, more preferably be not
greater than 1.5 in terms of the cross section of the fine
particle. The fine particle having such an external shape has
almost no projecting portions and hardly causes electric field
concentration. Therefore, the fluctuations and variations in
the electrical characteristics due to local electric field concen-
tration are suppressed, and satisfactory characteristics can
consequently be obtained with stability.

Sixteenth Embodiment

In the present embodiment, an energy gap between the
lower end of the conduction band of a substance and the
vacuum level 1s defined as “electron affimity”. Moreover, an
energy gap between the Fermi level of a substance and the
vacuum level 1s defined as “work function”. Moreover, an
energy gap between the upper end of the valence band of a
substance and the vacuum level 1s defined as “iomization
energy’.

In the present embodiment, HIO,, (hatntum oxide) 1s used
as the second material for forming fine particles and Al,O; 1s
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used as the third material for forming coating layers of the
constituent parts of the fine particle-containing body. FIG. 16

1s a schematic view showing the energy bands of the fine
particle and the coating layer possessed by the fine particle-
containing body. The reference numeral 300 denotes a sche-
matic bandgap of the fine particle, and reference numeral 400
denotes a schematic bandgap of the coating layer. The band
structure shown 1n FI1G. 16 illustrates all the bands flat for the
sake of simplicity. Actually, the energy band 1s deformed even
when no potential difference 1s given between the electrodes.
As shown 1n the schematic view of FIG. 16, the energy gap
between the lower end Ec3 of the conduction band of the third
material and the vacuum level Lv, 1.e., the electron affinity A
1s smaller than the energy gap between the lower end Ec2 of
the conduction band of the second material and the vacuum
level Lv, 1.e., the electron allinity B. Moreover, the energy gap
between the upper end Ev3 of the valence band of the third
material and the vacuum level Lv, 1.e., the 1onization energy
“a” 1s greater than the energy gap between the upper end Ev2
of the valence band of the second material and the vacuum
level Lv, 1.e., the 10onization energy “b”. That 1s, the relations:
A<B and a>b hold between the second material and the third
material with regard to the electron affinities A and B and the
1onization energies “a” and “b”. By using the second material
and the third material that hold the relations, the fine particle
formed of the second material can effectively retain electrons.

It 1s acceptable to provide the second material and the third
material by using other materials that hold the relations. For
example, silicon nitride, yttrium oxide, zirconium oxide, lan-
thanum oxide or a material of a mixture of these materials and
silicon oxide or the like can be used as the third matenial.
Moreover, a material of silicon oxide or the like can be used
as the third material.

Moreover, when materials of which the energy gap
between the upper end of the valence band of the second
material and the vacuum level 1s smaller than the energy gap
between the upper end of the valence band of the third mate-
rial and the vacuum level 1s used for the second material and
the third matenial, holes can effectively be retained in the third
material.

Seventeenth Embodiment

In the present embodiment, SOG (Spin-On-Glass) was
used to form an 1nsulator that contained fine particles. Silver,
which was a substance for forming fine particles, was pre-
liminarily added 1nto the SOG. A liquid maternial was applied
onto the substrate and subjected to heat treatment to form the
insulator as in the case of normal SOG. Since silver 1s con-
tamned 1n the imsulator, silver particles are formed by heat
treatment as in the other embodiments described above. In the
present embodiment, a silicon oxide 1s formed as the 1nsula-
tor. By carrying out further heat treatment in an oxidizing
atmosphere after the formation of silver particles, oxygen
deficiency of the silicon oxide can be reduced, and silver
oxide as the coating layer 1s formed on the surfaces of the
silver particles.

It 1s acceptable to mix fine particles themselves instead of
mixing the substance (silver) for forming the fine particles
with the liquid material. Since the diameter of the fine particle
of the present embodiment has a nanometer size smaller than
1 um, 1t 1s possible to roughly uniformly disperse the fine
particles 1n the liquid matenial.

In another embodiment, a fine particle-containing body
containing aluminum {ine particles was formed. An SOG
solution, with which aluminum {fine particles were prelimi-
narily mixed, was applied onto a substrate and subjected to
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heat treatment to form an insulator (silicon oxide because of
the use of SOG) containing the aluminum fine particles. It 1s
preferable to carry out the heat treatment in an oxidizing
atmosphere 1n terms of improving the charge retention capa-
bility to allow the oxidation of the surface portion of alumi-
num and the reduction of the defects of the insulator to be
achieved.

Each of the fine particle-containing bodies of the present
embodiment exhibited satisfactory charge retention charac-
teristics. According to the present embodiment, the process of
applying the liquid maternial of SOG and the heat treatment
process can be carried out comparatively easily by a com-
paratively simple apparatus. Therefore, a fine particle-con-
taining body of satisfactory characteristics can be formed
casily at low cost.

Eighteenth Embodiment

In the present embodiment, molecules containing oxygen
are 1mplanted in the form of ions nto the medium 1in the
process of reforming the surface portions of the fine particles
by the fine particle-containing body manufacturing method.

The implantation energy of the molecules containing oxy-
gen was set so that the distribution of the oxygen concentra-
tion after implantation became equal to the particle-size dis-
tribution of the fine particles as far as possible. In concrete, the
molecules containing oxygen were implanted so that a depth
at which the concentration of oxygen implanted in the
medium roughly coincided with a depth at which the particle
s1ze of the fine particles became maximized. Subsequently,
the medium 1nto which oxygen was implanted and the fine
particles were subjected to heat treatment to oxidize the sur-
face portions of the fine particles.

By making the particle-size distribution of the fine par-
ticles roughly coincide with the distribution of the oxygen
concentration, the degree of oxidation can be increased as the
particle size 1s larger. Therefore, the fine particles that
remained after the oxidation process (portions other than the
surface portions of the fine particles before the oxidation
process) have a variation 1n the particle size smaller than the
variation 1n the particle size of the fine particles before the
oxidation process. Therefore, the variation 1n the particle size
of the fine particles can be reduced through the oxidation
process. As a result, the fine particle-containing body of the
present embodiment and the device that employs it can reduce
the vaniation in the characteristics.

Although the surface portions of the fine particles were
oxidized by implanting the molecules containing oxygen 1n
the embodiment, 1t 1s acceptable to carry out nitriding of the
surface portions of the fine particles by implanting molecules
containing nitrogen.

The invention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
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invention, and all such modifications as would be obvious to
one skilled in the art are intended to be included within the

scope of the following claims.

What 1s claimed 1s:
1. A method for manufacturing a fine particle-containing
body which comprises a first layer, a second layer, a medium
that 1s formed between the first layer and the second layer and
that 1s made of silicon oxide, a plurality of silver particles that
are located 1n the medium and have a function to retain an
clectric charge, and a coating layer that covers each of the
silver particles and 1s made of a material whose electrical
conductivity 1s lower than that of silver, said method com-
prising;:
forming the medium 1n contact with the first layer;
introducing silver for forming the silver particles by 1on
implantation so as to be distributed 1n the medium;

forming the silver particles 1n the medium by condensing
or diffusing the silver introduced into the medium by
heat treatment;

ox1dizing or nitriding a surface portion of each of the silver

particles so as to form the coating layer; and

forming the second layer on a side of the medium opposite

to a side of the first layer,

wherein said silver particles have a diameter of less than 1

um, and

wherein the method comprises removing a portion contain-

ing said silver or said silver particles from a surface of
the medium to a prescribed depth within a period on or
after the 1on implantation and before the forming of the
coating layer.

2. The method for manufacturing a fine particle-containing,
body as claimed 1n claim 1, wherein

alter the forming of the silver particles and before the

forming of the coating layer, the removing of the portion
from a surface of the medium to a prescribed depth 1s
carried out, so that a part of distribution of the silver
particles 1s left in a remaining portion of the medium.

3. The method for manufacturing a fine particle-containing,
body as claimed 1n claim 1, wherein

after the 1on implantation and before the forming of the

silver particles, the removing of the portion from a sur-
face of the medium to a prescribed depth 1s carried out,
so that a part of distribution of the silver 1s left in a
remaining portion of the medium.

4. The method for manufacturing a fine particle-containing,
body as claimed 1n claim 1, wherein

during the 1on implantation, the removing of the portion

from a surface of the medium to a prescribed depth 1s
carried out.
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